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The Spatial Vectorcardiogram in Proved Congenital Atrial Septal Defect 


George E. Burch, M.D., and Nicholas DePasquale, M.D., New Orleans, La. 


The conventional electrocardiogram (ECG) in congenital atrial septal defect 
has been described previously,'!> but the spatial vectorcardiogram (sVCG) has 
received little attention. Except for occasional reports®:* the sVCG has been 
discussed primarily in papers concerned with right ventricular hypertrophy. 
Unfortunately, because of the failure to consider properly the various types of 
atrial septal defects it has not been possible to evaluate the sVCG as a means of 
diagnosis. Experience in recent years has suggested that the sVCG as well as 
the ECG!" is of value not only in the detection of atrial septal defect but also in 
the differentiation of ostium secundum defect from ostium primum defect. This 
study of 20 patients with proved atrial septal defects is concerned with the evalu- 
ation of the reliability of the sVCG in diagnosis. 

In the 20 patients studied it was found that with satisfactory classification 
of atrial septal defect the QRSsE loops were so different in ostium secundum and 
ostium primum defects that these defects could be differentiated accurately by 


means of the sVCG. 


METHODS AND MATERIALS 


The conventional ECG and sVCG were recorded on 20 patients with congenital atrial septal 
defect (12 with secundum defects and 8 with primum defects). Nine of the secundum defects 
were diagnosed by cardiac catheterization and 3 at surgery, whereas 4 of the primum defects 
were identified at surgery, 1 at autopsy, and 3 by cardiac catheterization. The criteria for the 
diagnosis of an ostium primum defect have been outlined in a previous report. The patients 
varied in age from 5 to 56 years. Sixteen were white and 4 were Negroes; 3 were male and 17 were 
female. The equilateral tetrahedron reference system was employed in recording the sVCG,” 
which was analyzed by methods described previously.” 
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Congenital atrial septal defects are classified in this laboratory as follows: (1) unsealed septa! 
membrane, (2) patent foramen ovale and fenestrated septum ovale, (3) ostium secundum defect, 
and (4) ostium primum defect including persistent ostium atrioventriculare commune. 

Ostium secundum defect involves the muscular portion of the atrial septum. The defect 
may be single, multiple, small, or large. It may even be large enough to result in a single chamber, 
but it does not involve the four cushions which participate in the formation of the atrioventricular 
valves. Ostium primum defect, on the other hand, involves the embryonic junction of the four 
cushions responsible for the atrioventricular canal and the two atrioventricular valves. Thus, 
the ostium primum defect is usually associated with a persistent atrioventricular canal, and seldom 
does it exist without an associated defect of the basal portion of the ventricular septum. Further- 
more, a defect of the atrioventricular canal is always associated with an ostium primum defect. 


RESULTS 


The results are summarized in Table I, and Figs. 1 through 9. From Table | 
and Figs. 1, 2, and 3 it is evident that the spatial orientation of the maximal 
vector of the QRSsE loop in the frontal and left sagittal plane projections and 


TABLE I. MaAximat QRS VEcToRs AND DIRECTION OF ROTATION IN 20 PATIENTS WITH 
ATRIAL SEPTAL DEFECT 


MAXIMAL VECTOR IN MAXIMAL VECTOR IN 
FRONTAL PLANE SAGITTAL PLANE 
PATIENT DIRECTION OF 
NUMBER ROTATION IN 
ANGLE LENGTH ANGLE LENGTH FRONTAL PLANE 
(DEGREES) (MV.) (DEGREES) (Mv.) 


Primum 


A —44 0.92 —43 0.96 Counterclockwise 
—27 —60 0.72 Counterclockwise 
im —32 1.44 —66 1.08 Counterclockwise 
4. —66 1.00 — 102 0.87 Counterclockwise 
a —41 1.79 —67 1.34 Counterclockwise 
6. —38 1.02 —62 1.02 Counterclockwise 
7. —5§2 1.66 —40 1.85 Counterclockwise 
8. —59 1.32 —6l1 0.90 Counterclockwise 
Average —45 1.26 —62.8 1.09 


0.74 118 0.50 Clockwise 
0.80 112 0.68 Clockwise 
0.76 125 0.77 Clockwise 
1.25 95 1.25 Clockwise 
0.87 110 0.75 Clockwise 
1.63 116 1.65 Clockwise 
1.00 170 0.92 Clockwise 
0.48 143 0.44 Counterclockwise 
1.20 128 1.00 Clockwise 
0.92 103 0.92 Clockwise 
1.30 113 1.20 Clockwise 
0.88 131 1.51 Clockwise 
0.98 


| 
if 
Secundum 
10. 127 
11. 130 
12. 66 
13. 108 
14. 85 
‘ 15. 135 
16. 120 
: 17. 132 
18. 102 
19. 99 
20. 112 
: Average | 113 | | 
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Fig. 1.—Stereoscopic frontal views of constructed wire QRSsE loops of the 8 patients with ostium 
primum defects (A) and the 12 patients with ostium secundum defects (B). The consistencies are 
characteristic for each group of patients and their marked differences are readily evident. Consult text 
for details. 
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Fig. 2.—The direction and magnitude of the maximal vectors of the QRSsE£ loops in the frontal 
and left sagittal plane projections are shown for 8 patients with septum primum defects. 

Fig. 3.—The direction and magnitude of the maximal vectors of the QRSsE£ loops in the frontal 
and left sagittal plane projections are shown for 12 patients with septum secundum defects. The marked 
differences in these maximal vectors from those of the patients with septum primum defects are evident. 
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the direction of rotation of the QRSsE loop for the ostium secundum defects 
were markedly different from those for the ostium primum defects. The QRSsE 
loops for the secundum defects were oriented to the right, inferiorly and an- 
teriorly, in every instance, and with clockwise rotation in all but one instance, 
whereas the QRSsE loop for the primum defects were oriented to the left, su- 
periorly and posteriorly, with counterclockwise rotation in every instance. Rep- 
resentative QRSsE loops for a primum and a secundum defect are shown in 
Figs. 4 through 7, while typical electrocardiograms are shown in Figs. 8 and 9. 


Frontal 


Sagittal 


Fig. 4.—The frontal and left sagittal plane projections and frontal stereoscopic view of the QRSsi 
loop of one patient with septum primum defect (Patient No. 5). 


DISCUSSION 


The QRSsE loops of the sVCG for the patients with ostium primum defects 
were found to be invariably different from those of the sVCG for patients with 
ostium secundum defects. This difference was not found by other investigators®:’ 
to be characteristic. Although this series is small and the total number of cases 
reported in the medical literature of the world is limited, the inconsistency in 
the QRSsE loop noted in some series may be due in large part to inadequate 
classification of atrial septal defects. For example, a large secundum defect, 
or one placed low in the atrial septum without alteration in the atrioventricular 
junctional area formed by the four cushions, is not hemodynamically or physio- 
logically different from a defect of similar size which is located high in the atrial 
septum or in its mid-portion. When all atrial septal defects are considered es- 
sentially the same, regardless of location, unless the atrioventricular junctional 
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area is disturbed, uniform cardiophysiologic manifestations may be expected. 
Such uniformity was found in an earlier electrocardiographic study,® and in the 
sVCG in this study. However, these problems need more extensive investigation. 

The uniformity of results in this investigation may be related to the reference 
frame employed. Although no reference system applied to man is without its 
shortcomings, the tetrahedral reference system assures reproducibility of electrode 
placement in all patients. The more complicated frames of electrode placement 
are susceptible to variations in the location of the electrode on the surface of the 
body with respect to the heart. Such possible variations in electrode placement 
from subject to subject may account for the lack of uniformity in the sVCG of 
patients with the same type of atrial septal defect. This difficulty is most likely 
to be encountered in routine recordings made by unsupervised technicians in 
a clinical electrocardiographic laboratory. 


Sagittal 


Fig. 5.—The frontal and left sagittal plane projections and frontal stereoscopic view of the QRSsE loop 
of one patient with septum secundum defect (Patient No. 20). 


The remarkable uniformity of configuration, rotation, and spatial orientation 
of the QRSsE loops in the patients with ostium secundum and ostium primum 
_ defects indicates the diagnostic reliability of the sVCG. The findings obtained 
with the sVCG were supported by studies previously described for the ECG in 
a larger series of 100 patients with atrial septal defects. As pointed out earlier 
in this report, the value of the ECG in the diagnosis of atrial septal defect is 
well known; however, these observations indicate that both the sVCG and the 
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ECG are reliable parameters not only in the diagnosis of atrial septal defect but 
also in the differentiation of primum from secundum defects. Should these 
findings prove to be consistent in many more patients, the sVCG will be of value 
in clinical cardiology, since it is easily recorded and interpreted. 


Fig. 6.—Frontal stereoscopic view of a constructed wire QRSsE loop 
of a patient with primum defect (Patient No. 5). 


Fig. 7.—Frontal stereoscopic view of a constructed wire QRSsE loop 
of a patient with secundum defect (Patient No. 20). 


The mechanism responsible for the difference in the QRSsE loops in primum 
and secundum defects is not known. The resemblance of the QRSsE loop in the 
primum defect to that described in left ventricular hypertrophy has been con- 
sidered as evidence of hypertrophy of the left ventricle. However, some patients 
with tracings characteristic of left ventricular hypertrophy did not have hyper- 
trophy at autopsy, so that, therefore, other factors must contribute to the sVCG 
patterns. The QRSsE loop in the secundum defect resembles that seen in hyper- 
trophy of the crista supraventricularis and the right ventricle. The QRSsE 
loops are distorted and irregular in shape and are not merely normal Type 1 or 
or Type 2 QRSsE loops oriented differently in space. Furthermore, the ab- 
normal ventricular gradients found previously in atrial septal defect® indicate 
alterations in the state of the myocardium other than hypertrophy of the ven- 
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tricle. The relative spatial orientation of the respective ventricular muscle 
masses must be a factor contributing to the pattern and orientation of the sVCG 
in the patients with atrial septal defect. 


It W Vy. Va Ve Ve 


Fig. 8.—The conventionally recorded electrocardiogram of a patient 
with primum defect (Patient No. 4). 


Fig. 9.—The conventionally recorded electrocardiogram of a patient with 
secundum defect (Patient No. 20). See Figs. 5'and‘7. 


SUMMARY 


The sVCG was recorded with the equilateral tetrahedral reference system 
in 20 patients with proved atrial septal defects (8 primum and 12 secundum 
defects). The QRSsE loops of the patients with primum defects were uniform 
in configuration, direction of rotation, and orientation. This was also true for 
the patients with secundum defects. The QRSsE loops of the patients with 
primum defects were oriented to the left, superiorly and posteriorly, and rotated 
counterclockwise, whereas those of the patients with secundum defects were 
oriented essentially 180 degrees away, that is, to the right, inferiorly and an- 
teriorly, and rotated clockwise. Because of the consistency in the findings, and 
because the differences between the two groups were so readily recognizable, 
even to the untrained person, the sVCG could be useful in the diagnosis of atrial 


septal defects. 
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The Vectorcardiogram and Electrocardiogram Before and After Valvulotomy 
for Pulmonic Stenosis 


Melvin Kahn, M.D., Selvyn B. Bleifer, M.D., Arthur Grishman, M.D., and 
Ephraim Donoso, M.D., New York, N.Y. 


INTRODUCTION 


Since the first successful transventricular pulmonic valvulotomies were 
reported by Sellors' and Brock? in 1948, attempts have been made to utilize the 
electrocardiogram and vectorcardiogram preoperatively in evaluating the sever- 
ity of the pulmonic stenosis and postoperatively as a means of assessing the degree 
of improvement. The and vectorcardiographic'*-" 
patterns associated with pulmonic stenosis have been studied, and the electro- 
cardiographic changes following pulmonic valvulotomy have been reported.'*-* 
It is our purpose to report the vectorcardiographic and electrocardiographic 
findings before and after pulmonic valvulotomy in a group of unselected patients 
with pulmonic stenosis. We will attempt to correlate these findings with hemo- 
dynamic data and discuss our results in relation to previous reports. 


METHODS AND MATERIALS 


This series consists of 12 patients from the wards and clinics of The Mount Sinai Hospital. 
The ages ranged from 4 to 50 years at the time of operation (Table I). There were 9 females and 
3 males. 

A diagnosis of pulmonic stenosis with intact ventricular septum was made in all patients 
preoperatively on the basis of clinical, radiologic, electrocardiographic, and cardiac catheterization 
findings. Postoperatively, on the basis of operative findings and repeated studies, 9 patients were 
believed to have had isolated pulmonic valvular stenosis. One of these (Case 3) also had arterio- 
sclerotic heart disease. One patient (Case 9) had a large infundibular chamber without valvular 
stenosis. The remaining 2 patients had associated defects which will be discussed below. 

Right heart catheterization was performed preoperatively in all cases. In addition, either 
direct pressures or pull-through pressures of the pulmonary artery and right ventricle were obtained 
in all patients immediately before and after valvulotomy. Six patients had cardiac catheteriza- 
tions 13 to 67 months postoperatively. 

All patients had vectorcardiographic and electrocardiographic examinations preoperatively 
and postoperatively, and were followed up for as long as 67 months. The vectorcardiograms 
were obtained using the cube method of electrode placement.” The Technicon Vectorscope or the 
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Sanborn Viso-Scope were used in all cases. Electrocardiograms were recorded on a Technicon 
three-channel, direct-writing cardiograph or a direct-writing Sanborn Viso-Cardiette. Paper 
speeds of 25 or 50 mm. per second at one-half times normal, normal, or one and one-half times 
normal standardization were used, 


VECTORCARDIOGRAPHIC AND ELECTROCARDIOGRAPHIC CRITERIA 


The vectorcardiograms were recorded in the horizontal, sagittal, and frontal planes. As 
previously reported,?’ the orientation of the normal QRSsF loop is mainly to the left, somewhat 
posterior and inferior. The direction of inscription in the horizontal plane is counterclockwise. 
In children the QRSsE loop is oriented more anteriorly and to the right than in adults, but the 
direction of inscription in the horizontal plane remains counterclockwise. In right ventricular 
hypertrophy secondary to congenital heart disease, the QRSsF loop is primarily oriented anteriorly, 
inferiorly and to the right, with a clockwise direction of inscription in the horizontal plane.™*:%.28-8¢ 
The diagnosis of right ventricular hypertrophy was made on the basis of the foregoing criteria, 
and the configuration of the QRSsE loop was further classified into types as described in this 
laboratory. The Type 1 QRSsE loop (Fig. 3, Postop.) is inscribed initially to the right and 
anteriorly and then to the left and somewhat posteriorly before again turning anteriorly and to 
the right. A variant of this, which we have designated as Type 1A (Fig. 2, Preop.), is also inscribed 
in a clockwise direction in the horizontal plane. It proceeds initially to the right and anteriorly 
and then turns to the left but still anteriorly before turning again to the right. The initial or septal 
components of Types 1 and 1A are therefore inscribed in the same direction. The initial or septal 
component of the Type 2 QRSsE loop (Fig. 4, Preop.) is inscribed to the left and anteriorly, and 
then the major portion of the loop turns anteriorly and to the right. The entire QRSsE loop is 
oriented more to the right than are the preceding two types. There were no Type 3 QRSsE 
loops noted in our series. Type 4 QRSsE loops are inscribed in a counterclockwise direction in the 
horizontal plane but are more anterior and to the right than is normal for the age of the patient. 

The angle between the axis of the TsE loop and the main axis of the QRSsE loop was deter- 
mined in each plane. It was considered concordant if 0° to 60°, at angular deviation if 61° to 149°, 
and discordant if 150° to 180°. 

The electrocardiograms were analyzed for right ventricular hypertrophy by multiple criteria. 
The criteria of Sokolow and Lyon* were used in all cases except those in which a secondary R 
wave was present in Lead V;. The criteria described by Milnor® were applied in all patients over 
the age of 5 years whose electrocardiogram had a QRS duration of less than 0.12 second. Whena 
secondary R wave was present in Lead Vi, and the ORS duration was greater than 0.12 second, 
the criteria of Barker and Valencia®* were applied. In the single instance in which the patient was 
less than 5 years old the criteria of Goodwin* were used. The more rigid criteria of Braunwald,* 
based on Kossmann’s normal range of values,** were employed in all cases. An electrocardiogram 
was considered to indicate right ventricular hypertrophy if it satisfied any one of the criteria 
noted above. 


RESULTS 


Electrocardiogram.—Preoperatively, the electrocardiograms of 10 patients 
were interpreted as indicating right ventricular hypertrophy by one or more of the 
criteria applied. One patient (Case 11), a 4-year-old girl, had an R wave in Lead 
V; measuring 15 mm. and an R/S ratio in the same lead of 2.5, but the electro- 
cardiogram was normal by the applicable criteria.*!** The electrocardiogram of 
another patient (Case 6) was normal except for inverted T waves in Leads V; to 
V.. This alone was not diagnostic of right ventricular hypertrophy. 

Two patients had an electrocardiogram with an rsR’ complex in Lead V; 
and a QRS duration of less than 0.08 sécond. In 1 of these (Case 12) the T wave 
Was upright, and in the other (Case 3) the T wave was inverted in Leads V; 
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to Vs. Five patients had an Rs pattern in Lead Vi, 2 a qR pattern, 2 an rS 
pattern, and 1 an R pattern. The T waves in Leads V; to V¢ varied from being 
upright in all of these leads to being inverted in one or all of them, as seen ii 
Table III. 


TABLE II. NuMBER OF PATIENTS WITH CARDIOGRAPHIC DIAGNOSIS OF RIGHT VENTRICULAR 
HYPERTROPHY 


VECTORCARDIOGRAPHIC 


ELECTROCARDIOGRAPHIC 


Preoperative 10 12 
Postoperative 8* 8f 


*One patient also had complete right bundle branch block. 
+One patient had marked middle conduction delay. 


TABLE III. COMPARISON OF SIGNIFICANT COMPONENTS OF THE ELECTROCARDIOGRAM BEFORE 
AND AFTER PULMONIC VALVULOTOMY 


ELECTRICAL AXIS 


QRS CONFIGURATION INVERTED T WAVES IN 
IN LEAD V; PRECORDIAL LEADS 


PREOP. POSTOP. PREOP. POSTOP. PREOP. POSTOP. 


> 


The mean electrical axis was greater than +120° in 10 patients. The elec- 
trocardiograms of 2 patients (Cases 6'and 11) had an electrical axis of +90° and 
+75°, respectively. Neither of these patients had electrocardiographic evidence 
of right ventricular hypertrophy by the criteria applied. 

Following surgery, many changes were seen in the electrocardiograms. 
The electrocardiograms of 4 patients could not be interpreted as indicating right 
ventricular hypertrophy postoperatively. Comparison of the preoperative an:! 
postoperative records is to be seen in Tables I to III. 

Three patients developed a secondary R wave in Lead V;, with a QRS dura- 
tion of less than 0.10 second. Two of these (Cases 7 and 10) (Fig. 3) were inter- 
preted by Milnor’s® criteria as having electrocardiographic evidence of right 
ventricular hypertrophy. The electrocardiogram of the third patient (Case 2) 
was normal. Another patient (Case 9) (Fig. 4) developed a pattern of complet 
right bundle branch block and right ventricular hypertrophy, with a QRS dura- 


| | 
4 
R rS Vi-s + 120° 20° 
. Rs rSr’ None None +120° +80° 
rsR’ Qs Vies + 130° +45° 
rS Vi-s None +180° +80° 
. qR qR Vi Vi +130° +60° 
rs rs None +90° +60° 
a Rs rsR’ None Vi +120° +85° 
Rs Rs None Vies +120° +120° 
Rs rsR’ +120° + 140° 
1 qgR rsR’ Vi-s None +150° + 120° 
- 11. RS RS None Vers +75° +80° 
“a > 12. RsR’ rsR’ None None +130° +90° 
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tion of 0.13 second. The QRS was of normal duration before surgery. One 
patient (Case 12) had an rsR’ pattern in Lead V; before and after operation, 
but the amplitude of the R’ wave and R’/S ratio in Lead V; decreased, as did 
the electrical axis, although the electrocardiogram still indicated right ventric- 
ular hypertrophy. 

The electrocardiograms of 3 other patients were still diagnostic of right 
ventricular hypertrophy, although the amplitude of the R wave or R/S ratio 
in Lead V; decreased, and in 2 of them the electrical axis, previously greater 
than +120°, became less than +90°. The electrocardiogram of 1 patient (Case 
8), who was followed up for only 1 month, showed the development of inverted T 
waves and depressed S-T segments in Leads V; to Ve, without change in the QRS 
complex. 

Vectorcardiogram.—The QRSsE loop of the vectorcardiogram preoperatively 
was oriented predominantly to the right, anteriorly and inferiorly in all patients. 
In the vectorcardiograms of 2 patients there was slight posterior displacement, 
and in 5 there was some superior orientation of the centripetal limb of the QRSsE 
loop. The direction of inscription of the QRSsE loop in the horizontal plane 
was clockwise in 11 patients. In 1 patient there was a figure-of-eight configura- 
tion but the major component was inscribed in a clockwise direction. In the 
frontal plane the direction of inscription was clockwise in all 12 patients. In 
the sagittal plane the QRSsE loop was inscribed in a clockwise direction in 
5 patients, figure-of-eight in 5, and counterclockwise in 2. None of the vector- 
cardiograms showed the pattern of right bundle branch block.*®:*7 

On the basis of the configurations described above the vectorcardiograms 
were interpreted as indicating right ventricular hypertrophy in all 12 patients. 
The vectorcardiograms were further subdivided into types as described above. 
Two patients had Type 1 right ventricular hypertrophy patterns, 4 had Type 
1A, and 6 had Type 2 (Table I). 

The axis of the TsE loop was at an angular deviation or discordant to the 
major axis of the QRSsE loop in all planes in 7 patients. It was concordant in 
all planes in 3 patients. In 2 patients it was concordant in the sagittal and frontal 
planes and at angular deviation in the horizontal plane. 

Following surgery, the vectorcardiogram became normal in 4 patients (Cases 
1 to 4) (Figs..1 and 2). In these the QRSsE loop was directed more to the left 
and posteriorly, and the direction of inscription became counterclockwise in 
the horizontal plane, clockwise in the sagittal plane, and clockwise in 3 and 
figure-of-eight in 1 in the frontal plane. In 2 of these patients the axis of the TsE 
loop was at an angular deviation from the main axis of the QRSsE loop in two 
or more planes and was concordant in two or more planes in the other 2 patients. 

The vectorcardiogram of 1 patient after surgery (Case 6), a 31-year-old man, 
had a QRSsE loop which was inscribed in a counterclockwise direction in the 
horizontal plane.: The loop was still directed markedly anteriorly, although 
oriented less to the right than preoperatively. This vectorcardiogram was 
diignosed as indicating Type 4 right ventricular hypertrophy. The configuration 
of the vectorcardiogram of 1 patient (Case 7) (Fig. 3) changed from Type 2 
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Fig. 1.—Case 1. VCG: Preop. there is Type 1 RVH, with the QRSsE loop inscribed in a clockwise 
direction in the horizontal plane. Postop. there is a normal balance of forces, and the QRSs£ loop is 
now inscribed in a counterclockwise direction. ECG: Preop. (paper speed 50 mm./sec.) there is RV!', 
with a tall R wave in V; and inverted T waves in V; to Vy. Postop. (paper speed 25 mm./sec.) the ECG 
is normal except for inverted T waves in V; to Vy. Note that the electrical axis is now normal and thee 
is an rS pattern in V;. 
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The T 


Postop. (paper speed 50 mm./sec.) the ECG shows a tall R wave in V;. 


Postop. the QRSsE loop is inscribed in a counterclockwise 
This is a normal balance of forces for an 8-year-old child. 


Fig. 2.—Case 4. VCG: Preop. there is Type 1A RVH, with the QRSsf£ loop inscribed in a clock- 
Preop. (paper speed 50 mm./sec.) there is RVH, with a tall R wave in Vrs and Vr:. 


dirsction and oriented more to the left. 


wise direction in the horizontal plane. 
ECG: 


Waves are inverted in V; to V4. 
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Fig. 3.—Case 7. VCG: Preop. there is Type 2 RVH, with the QRSsf loop inscribed in a clockwis* 
direction in the horizontal plane. Postop. the direction of inscription remains the same but the cor- 
figuration is Type 1 RVH. The shift of the initial component to the right, and of the major portion c° 
the loop to the left, indicates a marked change in the balance of forces. There is no conduction delay. 
ECG: Preop. (paper speed 50 mm./sec.) there is RVH, with an Rs pattern in V;. The QRS duratio» 
is 0.06 sec.. Postop. (paper speed 25 mm./sec.) there is an rsR’ pattern in V;, with an inverted T wav® 
in this lead. The QRS duration is unchanged. 
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Fig. 4.—Case 9. VCG: Preop. there is Type 2 RVH, without conduction delay. Postop. the 
Q tSsE loop is still oriented to the right and anteriorly as seen in RVH, but note the appearance of 
marked middle conduction delay. ECG: Preop. (paper speed 50 mm./sec.) there is RVH, with an 
Rs configuration in V;. The QRS duration is 0.07 sec. Postop. (paper speed 50 mm./sec.) the QRS 
d: ration is 0.13 sec., with an rsR’ pattern in V;. The ECG is now indicative of ‘‘complete right bundle 
branch block”’ with RVH. 
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preoperatively to Type 1 following surgery. The QRSsE loop of the vecto:. 
cardiogram of 1 patient (Case 5) was oriented more to the left and less anteriori:: 
than preoperatively. The direction of inscription remained clockwise, and the 
vectorial type of right ventricular hypertrophy was unchanged. One patien: 
(Case 9) (Fig. 4) had a Type 2 right ventricular hypertrophy before operatior. 
Postoperatively, a figure-of-eight configuration of the QRSsE loop in the hori- 
zontal plane was noted, with marked middle conduction delay in all planes. 
The direction of inscription in the sagittal and frontal planes and the spatial 
orientation of the initial and terminal components of the QRSsE loop were not 
changed following surgery. The vectorcardiographic interpretation was right 
ventricular hypertrophy with conduction delay. 

In the remaining 4 patients the vectorcardiograms postoperatively showed 
only minor changes in the QRSsE loop. Thus, postoperatively, the vectorcardio- 
grams were interpreted as being normal in 4 patients, as indicating right ven- 
tricular hypertrophy in 7 patients, and as indicating right ventricular hypertrophy 
with conduction delay in 1 patient (Tables I and II). 

Hemodynamics.—(See Table I.) The right ventricular systolic pressure 
before surgery ranged from 99 to 185 mm. Hg (mean, 124). The pulmonary 
arterial systolic pressure obtained in 11 patients ranged from 6 to 33 mm. Hg 
(mean, 21). The systolic pressure gradient across the pulmonic valve in these 
patients ranged from 67 to 163 mm. Hg (mean, 106). 

Postoperatively, the pressure curves were technically satisfactory in 11 
patients. The postoperative right ventricular systolic pressure ranged from 33 
to 112 mm. Hg (mean, 59), and the pulmonary arterial systolic pressure ranged 
from 4 to 92 mm. Hg (mean, 32). The mean fall in the systolic gradient across 
the pulmonic valve in our series was therefore 74 mm. Hg. 


DISCUSSION 


Although electrocardiographic and vectorcardiographic criteria for the diag- 
nosis of right ventricular hypertrophy have been described, it would be desirable 
to utilize the components of the electrocardiogram and vectorcardiogram in order 
to quantitate the degree of right ventricular hypertrophy. In patients with 
pulmonic stenosis, work is dependent in part on right ventricular mean systolic 
ejection pressure. A successful correlation between electrocardiographic and/or 
vectorcardiographic components or configurations and right ventricular pressure 
would provide a readily available means of evaluating the degree of hyper- 
trophy and severity of the pulmonic stenosis.’ This would be particularly 
desirable after valvulotomy in order to assess the results of surgery without 
subjecting the patient to repeated cardiac catheterization studies. 

One index utilized preoperatively was the electrical axis; it was +90° or more 
in eleven patients. In our series the two patients with the greatest axis deviatior 
had the highest right ventricular pressure. The frequent occurrence of right 
axis deviation in patients with pulmonic stenosis has been commented on,*:®*" 
but Hanson* was unable to correlate individual right ventricular pressures with 
the degree of axis deviation in a large series. Many factors other than ventricula: 
hypertrophy are involved in determining the electrical axis.*! 
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Two of our patients (Cases 3 and 12) had a preoperative electrocardiogram 
with an rsR’ in Lead V;. The right ventricular systolic pressures were 122 and 
100 mm. Hg, respectively. As seen in Table III, seven patients without sec- 
ondary R waves in Lead V, had right ventricular systolic pressures within the 
same range. When there is an rsR’ pattern in Lead Vj, the right ventricular 
pressures have been noted to be lower than when there is a tall R pattern, but 
such a great overlap is present that this cannot be applied to any particular case 
with assurance.” 4.4.48 

We did not note a specific relationship between the level of right ven- 
tricular pressure and the configuration of the QRS, the height of the R or R’ 
wave, or the R/S ratio in Lead V;. This lack of correlation has been noted 
previously, !.*5.44 although others®”.4.43.45 reported that the height of the R wave 
in Lead V; is related to the level of right ventricular hypertension. We cannot 
comment on the correlation of the height of the R wave in Lead V, with right 
ventricular systolic pressures that are less than 100 mm. Hg, but in our series 
there was no significant relationship when the pressure exceeded this level. 

In five patients the T wave was upright in Leads V; to Vs. The right ven- 
tricular systolic pressure in these patients ranged from 99 to 112 mm. Hg (mean, 
103). In six patients (Case 3 had associated arteriosclerotic heart disease and 
is not included) the T wave was inverted in one or more of the precordial leads. 
The three patients with the highest right ventricular systolic pressures were 
in this group, and for the entire group the pressure ranged from 100 to 185 mm. 
Hg (average, 141). It has been noted previously*:*-** that inverted T waves 
with S-T segment depressions in Lead V; are associated with high right ventric- 
ular systolic pressures, and that T-wave inversions extending from Leads V; 
to V, indicate a right ventricular systolic pressure greater than 100 mm. Hg." 
It is also apparent that a normal precordial T-wave pattern does not exclude 
the presence of right ventricular systolic pressures in excess of 100 mm. Hg. 
Similarly, prolongation of the P-R interval*:*-"! and tall P waves in Lead [[*:!°:1!.% 
suggest a greater right ventricular load than when these are normal. 

Only ten of the twelve patients had electrocardiograms which were diag- 
nostic of right ventricular hypertrophy preoperatively, whereas all of the patients 
had vectorcardiographic patterns which were characteristic. This experience is 
not unique.'*:15.40 

As can be seen in Table I, there was no relationship between the type of 
QRSsE loop inscribed preoperatively and the right ventricular systolic pressure. 
Lower right ventricular pressures have been reported associated with a Type 1 
QORSsE pattern than with a Type 2 pattern,?*° but there was much overlap.'*"5.46 
This is in accord with our experience. 

It has been noted previously that higher right ventricular systolic pressures 
were present when the major axis of the TsE loop was discordant or at an angular 
deviation to the major axis of the QRSsE loop.» We have found this to be true 
it our cases, but there was overlap. 

Gross estimates of right ventricular load may be possible on the basis of 
e'ectrocardiographic or vectorcardiographic patterns, but, in our experience, 
precise evaluation is difficult. The greater value of the electrocardiogram and 
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vectorcardiogram in these patients is in indicating change in right ventricular 
load following surgery. This permits an evaluation of the surgical result withou: 
the necessity of repeated cardiac catheterizations, 

The vectorcarciograms of four of the patients (Cases 1 to 4) (Figs. 1 and 2) 
were first noted to be normal at 14, 27, 17, and 12 months, respectively, after 
surgery. One patient (Case 2), 13 months postoperatively, had a QRSsI- 
loop which was inscribed more posteriorly and to the left than it had been pre- 
operatively, but which was still clockwise in the horizontal plane. When the 
patient was next seen 27 months after operation the vectorcardiogram and elec- 
trocardiogram were normal. One patient (Case 3) had a QRSsE loop essentially 
unchanged 1 month after surgery, but when she was next seen 16 months later, 
the QRSsE loop of the vectorcardiogram was normal. The QRSsF loops in these 
four patients remained normal during follow-up periods of 22, 36, 35, and 58 
months, respectively. The electrocardiograms of three of these patients were 
no longer diagnostic of right ventricular hypertrophy. One (Case 4) (Fig. 2) 
had electrocardiographic evidence of right ventricular hypertrophy by the cri- 
teria of Sokolow and Lyon,*! but the electrical axis changed from +180° to +80° 
and the T waves, inverted in Leads V,; to V4 preoperatively, became upright 12 
months after surgery. 

Three patients (Cases 5 to 7) had postoperative electrocardiographic and 
vectorcardiographic changes which are believed to be significant. In one patient 
(Case 5) the QRSsE loop postoperatively was oriented more to the left and pos- 
teriorly than preoperatively but was still inscribed in a clockwise direction in 
the horizontal plane. The QRSsE loop of the vectorcardiogram of a second pa- 
tient (Case 7) (Fig. 3) was Type 2 preoperatively and changed to Type 1 post- 
operatively. There was thus a shift of the initial or septal component to the 
right, and of the main portion of the QRSsE lcop to the left and posteriorly. 
A third patient (Case 6) developed counterclockwise inscription of the QRSsE 
loop in the horizontal plane, but the loop was still oriented too far anteriorly 
and to the right for his age. The QRSsE loops of these three patients were there- 
fore still indicative of right ventricular hypertrophy, but a comparison with the 
preoperative loops showed obviously that a significant change in the balance of 
electrical forces had occurred. In two of these patients (Cases 5 and 7) the elec- 
trocardiograms were still diagnostic of right ventricular hypertrophy, but marked 
changes were noted. The electrical axis changed from +130° to +60° and from 
+120° to +85°, respectively, and in one (Case 7) the height of the R wave in 
Lead V, decreased and an rsR’ pattern appeared in Lead V;, (Fig. 3). The third 
patient (Case 6) had an electrocardiogram which was not diagnostic of right 
ventricular hypertrophy either before or after surgery, but the T waves which 
had been inverted in Leads V; to V4 preoperatively became upright 1 year after 
the operation. 

The follow-up period for the preceding three patients (Cases 5, 6, 7) was 
8, 12, and 16 months, respectively. This was less than the total follow-up perioc 
for any one of the previously noted patients (Cases 1 to 4) whose vectorcardio- 
grams returned to normal. In most instances it was less than the time at which 
the vectorcardiograms of those patients were first noted to be normal. Further- 


4 
Fe 
< 
4 
a 
Ay 
t 


—- VCG AND ECG IN VALVULOTOMY FOR PULMONIC STENOSIS 339 
inore, aS seen in one patient (Case 2), significant change may occur more than 
13 months after surgery. Blount? and Engle* noted that regression of electro- 
cardiographic signs of right ventricular hypertrophy depended on time, and often 
patients did not exhibit significant changes until 6 months after surgery. Camp- 
bell and Brock!® noted that electrocardiographic changes following pulmonic 
valvulotomy may be progressive for 2 or 3 years. Therefore, because of the 
relatively short follow-up period and the marked improvement in the electro- 
cardiogram and vectorcardiogram already noted in Cases 5 to 7, further regres- 
sion of hypertrophy in these patients may be anticipated. 

At the time of operation all of the aforementioned seven patients were found 
to have a dome-shaped, isolated pulmonic valvular stenosis. At no time was any 
other hemodynamically significant lesion suspected. Fracture of the pulmonic 
valve was readily achieved and the results at the time of surgery were thought 
to be quite satisfactory. As seen in Table I, there was a marked reduction in 
right ventricular pressure and pulmonic valvular gradient in all of these patients 
postoperatively. The highest postoperative right ventricular systolic pressure 
(72 mm. Hg) noted in this group was in Case 1, and was obtained with a pull- 
through catheter immediately following valvulotomy. It is our impression from 
postoperative right heart catheterization studies in other patients in this series 
that, although the right ventricular pressure obtained immediately after valvulot- 
omy shows a marked decrease from preoperative levels, it may continue to fall 
at a slower rate over a period of many months. Similar observations have been 
made by Kirklin,‘? Soulié,#® and Himmelstein.*® 

We may contrast these results with those noted in two patients (Cases 9 
and 10) with follow-up studies of 41 and 67 months, respectively, in whom the 
stenotic lesion was inadequately corrected. The first patient (Case 9) (Fig. 4) 
had a large, thin-walled infundibular chamber. There was no evidence of valvu- 
lar stenosis at the time of surgery. Postoperatively, there was no significant 
change in right ventricular systolic pressure nor in the systolic gradient across 
the pulmonic valve. The electrocardiogram postoperatively had a pattern of 
complete right bundle branch block with right ventricular hypertrophy. The 
vectorcardiogram still showed marked anterior and rightward orientation of 
the QRSsE loop, with conduction delay. The unchanged orientation of the 
ORSsE loop reflected quite well the unsuccessful surgical result. The conduction 
delay is believed to be secondary to the rather long and caudad situated ventric- 
ulotomy. 

The second patient (Case 10) had a preoperative right ventricular systolic 
pressure of 185 mm. Hg and a systolic gradient across the pulmonic valve of 163 
mm. Hg. At operation, a valvular stenosis was palpated and fractured. The 
right ventricular systolic pressure fell but the gradient was not eliminated. Right 
heart catheterization, repeated 30 and 70 months after surgery, still showed a 
tight ventricular systolic pressure of 74 mm. Hg and a systolic gradient across 
the pulmonic valve of 61 mm. Hg. No associated hemodynamically significant 
lesion was evident. Sixty-seven months after surgery the electrocardiogram and 
vectorcardiogram were still diagnostic of right ventricular hypertrophy. There 
was some shift of the QRSsE loop toward the left, and the angle between the 
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axis of the TsE loop and the major axis of the QRSsE loop decreased. In th-> 
electrocardiogram the e‘ectrical axis decreased from + 150° to +120°, the T waves. 
previously inverted in Leads V; to V3, were now upright in the precordial lead:, 
and the qR pattern in Lead V; changed to an rsR’. Again, the electrocardio- 
graphic and vectorcardiographic changes reflected quite accurately the incom- 
plete relief of the right ventricular hypertension. 


Two patients (Cases 11 and 12) did not have pure pulmonic valvular stenosis. 
The first (Case 11) had, in addition to a systolic gradient of 80 mm. Hg across 
the pulmonic valve, a 1.1 and 1.2 volume per cent oxygen step-up noted in the 
right atrium and right ventricle, respectively, before surgery. At operation a 
stenotic valve was fractured. Following surgery there was a disappearance of 
the systolic gradient across the pulmonic valve (80 to 4 mm. Hg) and some fall 
in the right ventricular pressure (99 to 54 mm. Hg). The pulmonary arterial 
systolic pressure rose from 19 to 50 mm. Hg. Thirty-five months postoperatively, 
only minimal electrocardiographic and vectorcardiographic changes were noted. 
Thus, although the pulmonic stenosis appeared to be adequately corrected, 
we believe that the absence of significant cardiographic improvement accurately 
reflects the presence of an uncorrected septal defect and persistence of increased 
right ventricular load. 


The second patient (Case 12) developed an arrhythmia during preoperative 
cardiac catheterization and no blood samples were obtained from the cardiac 
chambers for gas analysis. Simultaneous right and left ventricular systolic 
pressures obtained at the time of operation were identical (100 mm. Hg). Follow- 
ing valvulotomy there was only a small decrease in the right ventricular hyper- 
tension (100 to 84 mm. Hg) and the gradient across the pulmonic valve (67 to 
48 mm. Hg). Twenty-four months after surgery a decrease in the electrical axis 
and R’/S ratio in Lead V; were evident, but both the electrocardiogram and 
vectorcardiogram clearly indicated persistence of right ventricular hypertrophy. 
The slight electrical changes paralleled the incomplete correction of the lesion. 


The vectorcardiogram and electrocardiogram accurately reflected the de- 
crease .in right ventricular load and subsequent regression in right ventricular 
hypertrophy following successful valvulotomy in patients with pure valvular 
pulmonic stenosis. They provide a readily available method for evaluating the 
results of pulmonic valvulotomy. Incomplete regression of the electrocardio- 
graphic or vectorcardiographic signs of right ventricular hypertrophy in our 
series indicated either an inadequate period of observation, incomplete correc- 
tion of the stenotic lesion, or the presence of other hemodynamically significant 
defects. 


Improvement in electrocardiographic signs of right ventricular hypertrophy 
following pulmonic valvulotomy parallel the decrease in right ventricular pres- 
sure.!7-18,21,22,24 In only a few instances has the electrocardiographic pattern 
been reported to return to normal following pulmonic valvulotomy. This is 
dependent, in part at least, on the length of postoperative follow-up. The changes 
in the vectorcardiogram following pulmonic valvulotomy have not been reported 
previously. 
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Campbell and Brock!® and Landtman!’ noted that inverted T waves may 
appear postoperatively in the precordial leads and persist for as long as 4 months. 
We observed this in four patients. 


The appearance of secondary R waves in Lead V;, following pulmonic val- 
vulotomy has been reported.!7-18.23-25.48 We noted this in four patients in our 
series. Landtman! believed that this represented a conduction defect following 
operation. Campbell and Brock’® and Lillehei?® have noted the appearance of 
complete right bundle branch block in the electrocardiogram following surgery. 
In only one of our patients was a conduction defect apparent in the vectorcar- 
diogram, and the QRSsE loop was not of the configuration associated with right 
bundle branch block.***7 Although a pulmonary diastolic murmur was often 
present postoperatively, Hanson™ and Blalock®® believe that this is not associated 
with a significant regurgitation into the right ventricle. We therefore have no 
evidence of ‘‘diastolic overloading of the right ventricle’ according to the concept 
of Cabrera and Monroy. It has been noted®-** that a secondary R wave in 
the right precordial chest leads may either be normal or indicate a lesser degree 
of right ventricular hypertrophy.“** The value of the vectorcardiogram in 
this differential diagnosis has been pointed out.?® Following surgery in one patient 
(Case 2) the secondary R wave appeared to be a normal variation, while in another 
patient (Case 9) (Fig. 4) it clearly represented a conduction defect. In two pa- 
tients (Cases 7 and 10) (Fig. 3) we believe that it appeared in the course of regres- 
sion of the right ventricular hypertrophy and thus indicated a lesser degree of 


hypertrophy. 


SUMMARY 


1. The electrocardiograms and vectorcardiograms of twelve patients were 
correlated with hemodynamic data before and after pulmonic valvulotomy. 
All patients preoperatively had a severe degree of pulmonic stenosis, with right 
ventricular systolic pressures of 99 mm. Hg or higher. 


2. Preoperatively, neither the level of right ventricular systolic pressure 
nor the systolic gradient across the pulmonic valve correlated closely with the 
components of the electrocardiogram or configuration of the QRSsE loop of the 
vectorcardiogram. Inverted T waves in the precordial leads and the greatest 
rightward deviation of the electrical axis tended to be present in patients with the 
highest right ventricular pressures. 


3. Following surgery, changes in the electrocardiogram and vectorcardio- 
gram in any given case accurately reflected changes in the right ventricular load. 
Incomplete regression of electrocardiographic or vectordardiographic signs of 
right ventricular hypertrophy in our series indicated either an inadequate period 
0! observation, incomplete correction of the stenotic lesion, or the presence of 
other hemodynamically significant defects. This suggests that serial cardio- 
graphic studies postoperatively provide a readily available method for evaluating 
tie results of pulmonic valvulotomy. 


The cardiac catheterizations were performed by a team under the supervision of Dr. Alvin 
]. Gordon. We would like to thank Miss Ruth Jaspan for her invaluable assistance. 
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Phonocardiography in Atrial Septal Defect: Correlation Between 
Hemodynamics and Phonocardiographic Findings 


E. Grey Dimond, M.D., and Alberto Benchimol, M.D.,* Kansas City, Kans. 


This study was carried out in order to estimate the value of phonocardiog- 
raphy in the diagnosis of atrial septal defect. Special attention was given to 
comparing pre- and postoperative changes. 


MATERIAL AND METHODS 


An auscultatory and phonocardiographic study was made of 32 patients with atrial septal 
defect, secundum type. There were 19 females and 13 males, ranging in age from 5 to 49 years 
(average, 22.6 years). 

The clinical diagnosis was confirmed in all of the patients by right heart cardiac catheteriza- 
tion, with or without angiocardiography, and in addition by surgery in 17 and postmortem ex- 
amination in 3 patients. 

The criterion for the diagnosis of atrial septal defect at cardiac catheterization was an increase 
of 1.5 volumes per cent or more in oxygen saturation at the atrial level in comparison with the 
average vena caval samples. Patients with further increase in oxygen saturation at the ventricu- 
lar level were excluded from this study, since the possibility of ostium primum or A-V canal could 
not be ruled out completely. 

A pressure gradient of 10 to 35 mm. Hg across the pulmonary valve was considered to be due 
to hypertrophy of the right ventricular outflow tract and/or high pulmonary flow rather than to 
additional pulmonary stenosis. There were 12 of such cases, and in 10 of these no pulmonary 
stenosis was found at surgery. 

Among 32 patients, 25 had normal or slightly elevated pulmonary pressure and 7 had pul- 
monary hypertension with systolic pulmonary pressure greater than 50 mm. Hg. The pulmonary 
vascular resistance in the whole series varied from 32 to 703 dynes sec./cm.~*. 

The right ventricular and pulmonary arterial pressures were determined during routine right 
heart catheterization using a Statham strain gauge No. T-23D, with zero point at half the chest 
diameter at the sternal angle. The cardiac output, pulmonary flow, and pulmonary vascular 
resistance were determined using the formulae discussed elsewhere." 

The sound tracings were recorded by means of the Sanborn Twin-Beam phonocardiograph 
in every case, using Sanborn microphone No. 62-1500-C10. All tracings were recorded at a speed 
of 75 mm. per second. A description of our routine procedure was discussed in detail in previous 
reports.3-4 

All patients were examined by three different observers, and the systolic and diastolic murmur 
graded independently according to the criteria of Freeman and Levine (I to VI).° 
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School, Kansas City, Kans. 
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RESULTS 


First Sound.—The first sound was considered to be accentuated in 4 cases. 
In 13 cases it was single or closely split, and the distance between the first and 
last components varied from 0 to 0.04 second (Fig. 1). In 19 cases it was widely 
split at the apex and left sternal border areas, and its duration varied from 0.04 
to 0.06 second. In all of these patients an incomplete or complete right bundie 
branch block was identified by electrocardiogram. 

No correlation could be made between the presence of a split first sound and 
the degree of pulmonary hypertension. All 7 cases in which there was a pul- 
monary systolic pressure higher than 40 mm. Hg showed a split first sound wider 
than 0.03 second. 


| | | | | 


Fig. 1.—Atrial septal defect without pulmonary hypertension. A, Preoperative. Split first sound 
(0.05 sec.) with accentuation of the tricuspid component; split second sound (0.06 sec.) with normal 
pulmonic component. Low-amplitude systolic murmur ending 0.04 sec. before the second sound. B, 
Postoperative. Split first sound still present. Very low-amplitude early systolic murmur. 


Systolic Ejection Click.—A systolic ejection click was recorded in only 2 
cases, with the pulmonary systolic pressure greater than 60 mm. Hg in both 
cases; in these a marked dilatation of the pulmonary artery could be identified 
by x-ray studies (Fig. 2). 

Second Sound.—The split of the second sound is one of the most striking 
auscultatory findings in patients with atrial septal defect. In our series it was 
closely split in 8 cases, and the A»-P: interval varied from 0.02 to 0.04 second. In 
19 cases the width of the split varied from 0.05 to 0.06 second, and was greater 
than 0.07 second in 5 cases (Fig. 3). In one case the width of the split was 0.10 
second (Fig. 4). The split of the second sound was considered to be fixed in on'y 
9 cases in which no appreciable change in the A»-P» interval could be accomplished 
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Fig. 2.—Atrial septal defect with pulmonary hypertension and bidirectional shunt. Pulmonary 
arterial pressure—87/40 mm. Hg. Pulmonary flow—9,650 c.c./min. Pulmonary resistance—383 
dynes/sec./em.5. Accentuated first sound and split second sound (0.04 sec.) with accentuation of the 
pulmonic component. Systolic ejection click. No murmur was recorded. Note marked dilatation of 
the pulmonary artery in the x-ray and heavy vascular markings. 


EKG: 


Fig. 3.—Atrial septal defect without pulmonary hypertension. A, Split second sound (0.06 sec.), 
third and fourth sound. Medium-frequency, high-amplitude systolic murmur ending at the aortic 
component of the second sound. B, Split second sound (0.05 sec.), fourth sound, and high-amplitude 
Pensystolic murmur. 
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during inspiration. In 23 cases the duration of the split increased by 0.01 or 
0.02 second during deep inspiration (Fig. 5). Patients with pulmonary hyper- 
tension also showed a widely split second sound, with accentuation of the pui- 
monic component. The second sound was considered to be single in only one 
case in which the pulmonary artery pressure was 100/35 mm. Hg (Fig. 6,C). 


Fig. 4.—Atrial septal defect without significant pulmonary hypertension. Tricuspid regurgitation. 
Pulmonary arterial pressure—37/12 mm.Hg. A and B, Preoperative. Widely split second sound (0.10 
sec.) and a pansystolic murmur. Diastolic murmur at pulmonary area. In B the jugular venous 
tracing showing a small z descent suggests the presence of tricuspid regurgitation. C, Postoperative. 
Note the remarkable change in the width of the split second sound (0.03 sec.), and in the amplitude 
of the systolic murmur. The electrocardiogram postoperatively continued to show the pattern of right 
bundle branch block. 


The pulmonary component of the second sound was transmitted to the apex 
in 20 patients. In the group with pulmonary hypertension it was well recorded 
at the apex in all 7 patients. However, 13 patients with normal pulmonary 
pressure also showed a P»2 well recorded at the apex (Fig. 7), a finding which, 
according to Leatham and Gray,® indicates pulmonary hypertension, but this 
cannot be supported by our studies. 

The pulmonic component of the second sound was considered to be accen- 
tuated in 11 cases in which the comparative height at the pulmonic area showed 
pulmonic component greater than the aortic component of the second sound 
(3:1 to 2:1). In 14 cases these were practically at the same height (1:1), and in 
8 cases the pulmonic component was diminished (Fig. 8). 
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Third Sound.—A diastolic filling sound occurring in early diastole from 0.10 
to 0.14 second after the aortic second sound was recorded at the apex in 5 cases 
(Fig. 3). A fourth sound was present in 11 cases (Figs. 3 and 6). In one case a 
high-pitched vibration occurring 0.08 second after the second sound was recorded 
at the apex (Fig. 12). It has been attributed® to the opening snap of the tricuspid 
valve. 

Systolic Murmur.—A soft systolic murmur was heard and recorded in the 
pulmonic area or third intercostal space at the left sternal border in all but one 
case. It was considered by auscultation to be Grade II in 15 cases, Grade III 
in 14, and Grade IV in 2 cases (average, 2.4). 


Fig. 5.—Atrial septal defect without pulmonary hypertension. Two cases showing closely split 
second sound (0.01 to 0.02 sec.) in expiration, with significant increase in the duration of the split (0.05 
to 0.06 sec.) during inspiration. Both cases show a low-amplitude systolic murmur at the pulmonary 
area. 


These murmurs started immediately after the first sound in all cases. The 
murmur ended at the aortic second sound in 7 cases (Fig. 6,B). In 17 cases it 
ended 0.01 to 0.04 second before A» (Fig. 6,4). In the remaining 11 cases it was 


.rather short, ending 0.05 to 0.15 second before the aortic second sound (Fig. 1). 


In 21 cases it showed early systolic accentuation, and in 11 it showed mid-systolic 
accentuation. In one case a systolic ejection murmur simulating the murmur of 
pulmonary stenosis was recorded at the pulmonic area. Right heart catheteriza- 
tion revealed a pressure gradient of 26 mm. Hg across the pulmonary valve. 
At surgery it was found that the patient did not have pulmonary stenosis, but 
moderate hypertrophy of the right ventricular outflow tract which simulated 
pulmonary stenosis (Fig. 8). In 2 cases a loud pansystolic murmur was recorded 
at the left sternal border and at the fourth and fifth intercostal spaces, and in 
both cases the diagnosis of functional tricuspid insufficiency was evident (Fig. 
4). 
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Diastolic Murmur.—In 14 cases a low-frequency, low-amplitude, diastolic 
murmur was heard and recorded at the apex or left sternal border (Fig. 1). 
Usually, these murmurs were loud in mid-diastole or presystole. 

In 9 cases a high- or medium-frequency, low-amplitude, decrescendo, dia- 
stolic murmur was recorded at the pulmonic area or third intercostal space and 
was attributed to pulmonary insufficiency (Graham-Steell murmur) (Fig. 4). It 
was generally associated with mild pulmonary hypertension in 6 cases, and with 
normal pulmonary pressure but with very high pulmonary flow in the other 3 
cases. 


DM 


Fig. 6.—Atrial septal defect. A, Normal pulmonary pressure. Note the typical decrescendo 
systolic murmur and accentuated pulmonic second sound. B, Normal pulmonary pressure. Pansystolic 
murmur. Fourth sound and a presystolic murmur (DM). C, Pulmonary hypertension. Split first 
sound with accentuation of the tricuspid component. Closely split second sound (0.02 sec.). Low- 
amplitude systolic murmur. 


The duration of right and left ventricular systole could be measured in the 
majority of our cases. The right ventricular systole ranged from 0.24 to 0.37 
second, with an average of 0.34 second. The left ventricular systole ranged from 
0.24 to 0.34 second, with an average of 0.27 second. 
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The jugular venous tracing could be recorded in 27 patients. It was con- 


sidered to be within normal limits in 5 patients. In 2 patients, very tall a waves im 
alone were present, in 7 patients prominent v waves were present, and in 12 at. 
patients both tall @ and v waves were recorded (Fig. 9). ie 


PRE- AND POSTOPERATIVE CHANGES 


In 17 cases a complete auscultatory and phonocardiographic study was made 
before and after surgery. 

First Sound.—In 8 cases the first sound did not change appreciably in the 
postoperative tracing. However, in 9 cases the width of the split decreased from 
0.01 to 0.03 second. 


Fig. 7.—Atrial septal defect. A, Pulmonary arterial pressure—25/12 mm. Hg. Low-amplitude 
systolic murmur. Pulmonic component of the second sound well transmitted to the apex. B, Pulmonary 
arterial pressure—29/15 mm.Hg. Low-amplitude systolic murmur ending at the second sound. Pul- 
monic component of the second sound is well recorded at the apex. 


Second Sound.—The second sound at the pulmonic area was split in all cases 
in the preoperative tracing. In 3 cases in which the A2-P2 interval before surgery 
was 0.04 second, there was no significant postoperative change. In 14 cases the 
duration of the split decreased by 0.01 to 0.07 second. All of these patients 
showed the presence of bundle branch block in the electrocardiogram before and 
after surgery. The pulmonic component of the second sound did not change in 
amplitude in 7 cases, and in 10 cases this amplitude showed a decrease (Fig. 10,A). 

A fourth sound was recorded in 7 cases preoperatively and was absent after 
surgery. 

The duration of right ventricular systole remained unchanged in 2 patients, 
but significant change did occur in 11 patients in whom the duration of right 
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ventricular systole was shortened by 0.02 to 0.11 second in the postoperative 
tracings (Fig. 10,B). Preoperatively, the duration of right ventricular systole 
averaged 0.31 second, and postoperatively it was 0.28 second. 
Murmurs.—The systolic murmur at the left sternal border and pulmonic 
areas disappeared completely in 7 cases, but persisted as a Grade I murmur in 8 
cases and as a Grade II murmur in 2 cases. This murmur was present only in 
early systole (Fig. 11). The low-pitched diastolic murmur at the left sternal 
border and the apex disappeared completely in 14 cases in which it was recorded 
preoperatively. The pulmonary diastolic murmur which was present in 4 cases 
before surgery was absent in the postoperative tracing. 


Fig. 8.— Atrial septal defect. Pressure gradient of 19 mm. Hg across the pulmonary valve is present 
in the pressure tracing from the main pulmonary artery to the right ventricle. Widely split second 
sound (0.07 sec.) with diminished pulmonic component, The systolic murmur simulates the murmur of 
pulmonary stenosis. 


DISCUSSION 


Phonocardiography is a valuable method in the evaluation of atrial septa! 
defect. Our series of patients did not, as a group, have a significant degree 
of pulmonary hypertension, and our study is therefore inadequate in this particu 
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lar area: atrial septal defect with pulmonary hypertension. It is our impression, 
however, that the same thing would occur as with ventricular septal defect: 
increasing pulmonary vascular resistance would result in closing of the second 
sound and diminution of the murmur’ (Fig. 2). 

Patients with atrial septal defect usually present a split first sound, a widely 
split second sound, a soft pulmonary systolic ejection murmur, third and/or fourth 
sound, and a low-pitched diastolic murmur at the apex or left sternal border. 


LSB 


Fig. 9.—Atrial septal defect without pulmonary hypertension. A, Tall a and v waves in the jugular 
venous tracing. Widely split second sound (0.06 sec.) and a low-amplitude systolic murmur ending 
before the aortic second sound. B, Tall a, c, and v waves in the jugular venous tracing. Low-amplitude 
systolic murmur. C, Dominant tall v waves. Medium-frequency, high-amplitude pansystolic murmur. 


With increments in pulmonary hypertension and an increase in pulmonary 
vascular resistance with dilatation of the pulmonary artery, a systolic ejection 
click’? and a pulmonary diastolic murmur can be recorded.*-!° The split and 
accentuated first sound and the diastolic murmur at the apex and left sternal 
border can very well simulate the physical signs of mitral stenosis, and because 
of these signs the diagnosis of Lutembacher’s syndrome has been overempha- 
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sized." However, it has been proved that Lutembacher’s syndrome (atrial septal 
defect with mitral stenosis") is actually an unusual congenital heart disease.'*-'5 
In our series of 32 patients no case of Lutembacher’s syndrome was present. 
As Leatham and Gray*® pointed out, accentuation of the mitral first sound could 
not be expected with atrial septal defect combined with mitral stenosis, since the 
left atrial pressure remains within normal limits, and the right auricle bears the 
strain of a stenotic mitral valve. 


Preop 


Interval (sec) 
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Fig. 10.—Atrial septal defect. A, Pre- and postoperative changes in the duration of the split 
second sound (see text). B, Pre- and postoperative changes in the duration of right ventricular systole 
(see text). 


The cause of the split first sound is probably related to the presence o! 
bundle branch block"* and increased right ventricular stroke volume which cause 
a delay in the closure of the tricuspid valve. The same explanation can also be 
used to justify the loud first sound in atrial septal defect, which is probably due 
to accentuation of the tricuspid component of the first sound (Fig. 1). 

A systolic ejection click may very well be present in those cases of atria! 
septal defect with pulmonary hypertension. Pulmonary hypertension wa: 
present in a minority of our study group, so that our opinion, therefore, is not wel’ 
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documented. In our series of 7 patients with pulmonary hypertension the 
systolic ejection click was present in only 2 instances and was associated with 
marked dilatation of the pulmonary artery (Fig. 2). 

A widely split second sound in atrial septal defect has been thought to be 
one of the most important phonocardiographic signs in that condition.®17-18.24,30 
Several investigators have claimed that the widely split second sound is caused 
by delay in closure of the pulmonary valve due to the presence of right bundle 
branch block.'® This explanation has been questioned by some investigators?°-?? 
who demonstrated cases of widely split second sound without right bundle branch 
block. The most logical explanation is the unequal duration of right and left 
ventricular systole due to increased right ventricular stroke volume.” In our 
series, right ventricular systole was, on the average, 0.05 second greater than left 
ventricular systole. In addition, patients with a widely split second sound who 
underwent surgery showed a return of the split to normal limits without any 
change in the electrocardiogram, which continued to show the pattern of right 
bundle branch block® (Fig. 4). Barber and associates'® stressed the importance 
of respiratory fixation of a split second sound in patients with atrial septal defect. 


Fig. 11.—Atrial septal defect without pulmonary hypertension. Note the remarkable change in 
the amplitude of the »v wave in the jugular venous tracing. A, Preoperative. B, Postoperative. 


We have not been able to prove this statement, since in 23 patients the width of 
the split increased from 0.01 to 0.02 second during inspiration (Fig. 5). How- 
ever, in 9 patients it was fixed, and no increase could be accomplished during 
inspiration. 

Barber, Magidson and Wood!* state that ‘‘an extremely loud pulmonary 
element usually means pulmonary hypertension and does not favor the diagnosis 
cf atrial septal defect.’’ This is but partially true, since severe pulmonary hy- 
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pertension can develop in many proved cases of atrial septal defect, and conse- 
quently a very loud pulmonic second sound will be present. 

The relative respiratory fixation of the second sound is probably related tu 
increased right ventricular stroke volume. Leatham and Gray® pointed out thai 
the transmission of the pulmonic component of the second sound to the apex is 
an indication of pulmonary hypertension in patients with atrial septal defect. 
Our data do not support this statement (Fig. 7). 


log, | La! 


Fig. 12.—Atrial septal defect without pulmonary hypertension. Split first sound (0.04 sec.) and 
a low-amplitude systolic murmur. A high-pitched vibration (xz) occurring 0.07 sec. after the second 
sound was recorded at the apex (tricuspid opening snap). 


In 20 cases in which the pulmonic second sound was recorded at the apex the 
pulmonary pressure was normal in 13. The dilated and hypertrophied right 
ventricle makes up much of the anterior surface of the heart in this condition. 
Encroachment on the anterior mediastinal space further brings the right ventricle 
forward. Perhaps these facts account for the ready transmission of the pulmonic 
component of the second sound to the area usually designated ‘‘apex.”’ 

A systolic murmur has been recorded constantly in patients with atrial 
septal defect. It has been atributed to an increased flow of blood across the pul- 
monary valve in patients with dominant left-to-right shunt. It starts imme- 
diately after the first sound and stops before or at the aortic component of the 
second sound. It has been suggested that when the patient develops severe 
pulmonary hypertension, the murmur becomes shorter and very soft. This 
explanation seems to be valid, since with increments in right ventricular and 
auricular pressure the amount of left-to-right shunt is significantly reduced, so 
that the pulmonary flow tends to equalize the systemic flow. In one case in our 
series in which there was severe pulmonary hypertension, no systolic murmur was 
recorded (Fig. 2). 

In 2 cases a high-amplitude, pansystolic flow murmur was recorded at the 
left sternal border, fourth intercostal space, and was attributed to functional 
tricuspid incompetence. The venous pressure tracing showed a sustained systolic 
wave with small x descent in these patients (Fig. 4). 

A pulmonary diastolic murmur has been recorded consistently in patients 
with pulmonary hypertension. In our series it was present in 5 out of 7 patients 
with pulmonary hypertension and in 2 with normal pulmonary pressure. In 
these 2 patients there was marked dilatation of the pulmonary artery, which may 
account for its presence. 
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A low-pitched, mid-diastolic murmur at the apex or tricuspid area, with or 
without presystolic accentuation, was described and attributed to associated 
mitral valve disease."?® Because of this sign the diagnosis of Lutembacher’s 
syndrome has been overemphasized. However, this murmur has been attributed 
recently to the flow of blood through the septal defect and/or increased flow 
through the normal tricuspid valve with relative tricuspid stenosis as a result of 
a left-to-right shunt. On the basis of intracardiac phonocardiography”®?*?? it 
has been suggested that the origin of a mid-diastolic murmur is at the level of 
the tricuspid valve. 

The jugular venous tracing in the great majority of cases showed a tall a 
and v wave, the v wave being dominant (Figs. 9 and 11). These changes dis- 
appear after corrective surgery (Fig. 11). Findings in regard to these changes 
have been emphasized previously by Moscovitz and associates®* and others.*® 


SUMMARY AND CONCLUSIONS 


1. An auscultatory and phonocardiographic study was made in 32 patients 
with atrial septal defect, secundum type, and was correlated with the hemody- 
namic findings. 

2. In patients with normal or slightly elevated pulmonary pressure, a low- 
amplitude (Grade II) systolic ejection murmur was recorded in all but one pa- 
tient, and was attributed to an increased flow of blood across the pulmonary valve. 

3. In 14 patients a low-frequency diastolic murmur was heard and recorded 
at the apex and left sternal border. 

4. In 9 patients a medium- or high-frequency, decrescendo, diastolic murmur 
(Graham-Steell murmur) was recorded at the pulmonary area and attributed to 
pulmonary insufficiency due to high pulmonary blood flow. 

5. A fourth sound was present in 11 patients, and a diastolic filling sound 
(third sound) was recorded in only 5 patients. 

6. A split first and second sound was a constant finding in patients with 
atrial septal defect without significant pulmonary hypertension. The transmis- 
sion of the pulmonic component of the second sound to the apex did not indicate 
pulmonary hypertension. The split of the second sound was considered to be 
fixed in only 9 patients. In 23 patients the duration of the split increased by 
0.01 or 0.02 second during inspiration. 

7. Prominent @ and v waves in the jugular venous tracings were recorded in 
12 patients. 

8. Significant changes occurred in the auscultatory and phonocardiographic 
findings after successful closure of the defect. 


We wish to thank Mrs. Maxine Terry, Mrs. Jo Ann Clifford, Mrs. Vera Keyton, and Mrs. 
Natalie Razafsky for their technical assistance. Several of these patients were referred to us by 
Dr. A. Diehl, and the surgery was performed in most of the cases by Dr. C. Frederick Kittle. 
Numerous staff members and fellows helped at various times in the cardiac catheterization studies: 
. Achja, M. Anache, C. Chen, T. Cochran, J. Crockett, M. Dunn, A. Guimpel, T. K. Lin, R. 
luna, L. M. Ortuzar, E. Santos, S. Shreenivas, N. Ting, and J. Webster. 
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Experimental and Laboratory Reports 


A Reconsideration of the Development, Structure, and 


Disease of the Human Renal Glomerulus 


Stanley M. Kurtz, Ph.D., M.D.,* and J. F. A. McManus, M.D. 
Birmingham, Ala. 


The work of Bowman! over 100 years ago defined the structure of the renal 
glomerulus as a network of capillaries set into the end of the renal tubule. The 
generally accepted physiologic theory of glomerular filtration was based upon 
Bowman’s description of its structure. Some disagreement concerning the fine 
structure of the renal glomerulus is still present, however, even since the advent 
of electron microscopy. 

A great amount of effort was expended utilizing light microscopy in attempts 
to determine the precise pattern of the highly complicated capillary network 
of the glomerulus. The disagreement that developed between the proposed con- 
cepts of structure did not affect substantially the accepted structural-functional 
relationship of the glomerulus as to capillary filtration area, total capillary volume, 
or indeed the general course of blood through the individual glomerulus. The 
proposed concepts were most important in the evaluation of diseases as they af- 
fected the glomerulus. This structure of relatively few integral parts could react 
to disease in a wide variety of ways, belying its apparent simplicity. Thus, 
pathologists were compelled to take a less disinterested position in attempts to 
explain the diseased glomerulus in terms of what seemed to be its normal structure. 
Cne useful classification of glomerular disease that emerged divided it into three 
anatomic categories: (1) intracapillary, (2) intercapillary, or (3). extracapillary. 
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The entity of intercapillary disease has not gained complete acceptance amony 
pathologists. It was based upon several details: (1) the concept of glomerular 
development as an invagination by primitive capillaries of the hollow dilated end 
of the tubule; (2) the concept of a mesangium or capillary stalk, proposed by 
Zimmermann and von Mollendorf; (3) the location of certain specific pathologic 
lesions (e.g., in Kimmelstiel-Wilson syndrome of ‘‘intercapillary’’ glomerulo- 
sclerosis), which seemed best explained by the first and second propositions; 
(4) the existence of thickened areas of basement membrane often enclosing 
nuclei and establishing apparent connections between adjacent loops. 

This paper re-evaluates the structure of the human renal glomerulus in 
health and in disease, utilizing data that have been collected by electron and 
light microscopy in our own and other laboratories. The literature will be re- 
viewed from the standpoint of the principal contributions to our knowledge of 
glomerular structure. For a more complete review of the literature concerning 
normal glomerular structure, the reader is referred to the excellent work of 


Mueller.* 


I. DEVELOPMENT OF THE GLOMERULUS 


The prevalent concept of glomerular development is that a tuft of capillaries 
invaginates the blind end of the developing nephron. In this process the individual 
capillaries are covered over by the cells and basement membrane of the nephron 
in a manner similar to that seen in the developmental relationship of the gut and 
its mesentery. It is interesting that when one traces this concept to its origins, 
it is found that the invagination theory did not receive unanimous support. 
Bornhaupt,‘ Thayssen,' and Riedel* were quoted by Herring’ as having observed 
that the glomerulus develops by the ingrowth of solid cords of primitive en- 
dothelial cells into the adjacent, still solid mass of primitive tubular cells. As 
these two cell groups intermingle, the first evidence of capsular space develops 
by a splitting apart or delamination of the plaque, the resulting slit-like space 
enlarging to surround the intermingled mass of endothelial and epithelial cells. 
Herring’ supported these observations in his own work, and denied the process 
of the invagination of a hollow Malpighian corpuscle by growing capillaries, 
a concept supported by Remak® and Toldt.® Yet the work of the latter two in- 
vestigators managed to form the nucleus of our present beliefs, and a succession 
of investigators'®-” submitted observations in complete accord with theirs. 
Although challenging these observations and supporting Herring’s concept were 
Huber," Vimtrup,'* and Loeffler," the end of the opposition to the invagination 
theory was marked by the detailed works of Zimmermann" and von Mollen- 
dorf.'7"8 Their classic works ascribe the structure of the adult glomerulus, as 
they observed it, to the invagination of a hollow vesicle by the capillaries. They 
envisioned the adult glomerulus to exist as a network of capillary loops situated in 
a ‘‘sling’’ made up of the invaginated basement membrane and cells of the Mal- 
pighian corpuscle. The term ‘“‘mesangium”’ was applied to this sling-like structure, 
and within its confines were described fibroblast-like cells and connective tissue 
fibers, along with the endothelial cells which lined the lumens of the capillaries. 
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Although dispute continued regarding such small details as the presence or absence 
of connective tissue, the general mesangial or sling concept remained tenable until 
the advent of electron microscopy, when it was again seriously challenged by Hall 
and Roth.!*° In the first work, Hall'® repudiated the existence of capillary 
“loops” in the mature glomerulus, and proposed that the capillaries were composed 
of lobules of a freely anastomosing capillary network. Implicit in his description 
was the obvious mechanical improbability of producing a sling-like arrangement 
by invagination of a membrane during development of the glomerulus. The 
latex injection method used by Hall unfortunately can be misleading in so far as 
external gross appearances are concerned, since, in effect, only a cast of capillary 
lumens is obtained. In their later work on the fetal rat kidney, Hall and Roth?® 
stated that if, in fact, the glomerulus was not composed of simple loops, the 
concept of invagination of a terminal tubular vesicle ‘‘must be held questionable.” 
The work went on to describe the development of the glomerulus in the rat as 
observed with the electron microscope. The earliest stages of differentiation were 
observed as solid masses of cells making up the primitive tubule, arranged some- 
what concentrically about a central cell mass showing little organization. The 


central cell mass represented the primitive endothelial cells, while the layer of 


primitive tubular cells immediately adjacent was destined to become visceral 
epithelial cells. A tenuous membrane was described about Bowman’s capsule. 
Capsular space was seen to develop by flattening of the epithelial cell mass, and 
that extension of this space was possibly accompanied by the accumulation of 
fluid. No epithelial cell foot processes or ‘‘lamina densa’’ were observed until 
much later in the process. Then, foot processes developed only where the epi- 
thelial cells were in contact with the growing endothelial cell mass. It was 
suggested that these cell processes might actively shape the endothelial cell mass 
into lobules, an observation previously advanced by Huber."* The lamina densa 
was found principally in relationship to endothelial cell membranes, although 
the possible role of epithelial cells in its formation was not ruled out. Formation 
of lumens in the capillaries was interpreted as occurring by vesicle formations 
within the endothelial cell mass, with subsequent fusion to form continuous 
lumens. It was noted that red blood cells were found before the capillary lumens 
developed. Thus, Hall and Roth concluded that their observations were com- 
pletely inconsistent with the generally accepted invagination theory, and that 
hence the entire concept of mesangium and intercapillary space, based primarily 
upon the invagination of Bowman’s capsule, was untenable. 

Kurtz”! reported on glomerulogenesis in the human kidney as observed with 
the electron microscope. In essence, the findings reported were in general agree- 
ment with those described by Hall and Roth discussed in the previous paragraphs. 
The only points of difference involve the formation of epithelial foot processes and 
the basement membrane. Kurtz noted that foot processes were evident early 
in glomerular development. They were seen in all portions of the structure where 
the epithelial cells were in immediate apposition to the primitive endothelial 
cell mass. In agreement with Hall and Roth, he found that the epithelial cells 
«ppeared to take part actively in shaping the glomerulus, since foot processes were 
seen deep in the interstices of the primitive tuft. Unlike Hall and Roth in their 
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observations that the basement membrane (lamina densa) appeared to be relate: 
primarily to endothelial cells, Kurtz pointed out that the earliest evidence o: 
membrane structure in the human glomerulus consisted of a thin, slightly dense 
band, seen primarily at points of apposition between epithelial and endothelia! 
cells, within which were occasionally observed two sets of double membrane 
structures. This suggested a joint origin of the primitive membrane by epithelia! 
and endothelial cells. It is possible that Hall and Roth did not perceive a similar 
phenomenon in the rat because of their removal of the embedding medium from 
the sections, thereby permitting distortion of these early structures. It was also 
noted that the immediate presence of epithelial cell processes was necessary for 
completing the differentiation of the endothelial cell mass, for only in such areas 
did the endothelial cells present a mature appearance. 

As mentioned earlier, these two electron microscopic studies on glomerulo- 
genesis of two different mammalian species are basically in agreement as regards 
the general mechanism of the process and interrelations of the active elements. 
They both emphasize that the invagination concept is fallacious, and that the 
crescent-shaped clefts representing early capsular space develop as crescents from 
the start by separation of cell layers, rather than by invaginating one side of a 
hollow vesicle. The presence of erythrocytes long before the existence of a 
capillary lumen was noted in each paper and by earlier investigators.":? This 
may represent some totipotential quality of the primitive endothelial cell mass, 
as suggested by Okkels." 


II. STRUCTURE OF THE NORMAL ADULT GLOMERULUS 


The use of the electron microscope in the past 8 years has advanced signifi- 
cantly our knowledge of the general organization and structure of the glomerulus 
beyond that accumulated in the previous 100 years. Also notable is that, in 
general, reconciliation of divergent interpretations regarding the new data has 
occurred rapidly. It is agreed, too, that variations in structure between all of 
the mammalian species studied are minimal. 

The basement membrane of Bowman’s capsule is believed to be continuous 
with the basement membranes of the proximal convoluted tubule and related 
in some fashion to the arterioles and capillaries at the hilum of the glomerulus. 
Bowman! and Hall'® stated that Bowman’s capsule is pierced by the capillary tuft, 
but neither offered tangible evidence to this effect. Others*-** found that the 
capsular basement membrane is continuous with those of the other hilar struc- 
tures, including the capillary basement membrane. MacCallum** and Mueller’’ 
described the capsular membrane as turning back upon itself at the hilum to 
become the glomerular basement membrane. The general appearance of the 
substance of the capsular basement membrane is similar to that of the glomerular 
basement membrane, except that it is coarsely laminated. The inner cells of 
the capsule are continuous with those lining the proximal convoluted tubule 
and those covering the glomerular capillaries, but differ markedly in appearance 
from either. They are usually flattened, and aside from containing the usua! 
cellular constituents, are not remarkable. Kurtz”! reported that visible differentia- 
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tion of the visceral epithelial cells from ,these parietal capsular cells occurred 
rapidly during glomerular development as soon as a capsular lumen became 
evident. Noted also in that work was the continuity between capsular basement 
membrane and capillary basement membrane. 

It is generally agreed that the blood vessels of the glomerulus begin with an 
afferent arteriole and terminate with a smaller efferent arteriole. Agreement 
ends regarding the organization of the vascular bed between these two limbs. 
One idea, perhaps the most popular, is that shortly after entering the capsule, 
the afferent arteriole divides into a number of capillary loops which ultimately 
gather up to become confluent at the efferent arteriole."* The other significant 
concept, and one gaining wider acceptance, is that the afferent arteriole breaks 
up to form several major branches, each of which subdivides many times, forming 
a freely branching network.’®?8.?° The meticulous reconstruction preparations 
of Johnston,”* Hall,!® and Boyer?’ represent the most satisfactory approaches to 
this problem, and their works are substantially in agreement with the latter 
concept. The minor dispute between these latter works concerns the degree of 
anastomosis between vessels, and whether or not true lobulation exists, as Hall! 
claims. If the glomerulus develops as several broad sheets,”! it is likely that at 
least the peripheral portions of the mature glomerulus retain some semblance of 
the lobular architecture described by Hall. The deeper axial portion of the glomer- 
ulus is arranged in such a complex manner that it defies complete analysis by 
existing techniques. 

The fine structure of the epithelial cell has been adequately described by 
many investigators. Hall'® has named this cell ‘‘podocyte,’’ its broad extensions 
“‘trabeculae,”’ and the finger-like terminations ‘‘pedicels”’ or foot processes. These 
appear to be useful terms in spite of the fact that foot processes are not present 
in a variety of pathologic processes.*°-** These cells contain the usual cytologic 
structures, and the cytoplasm is often vacuolated in such a way as to present a 
spongy appearance. High magnification often reveals a fibrillar network in the 
cytoplasm.** These fibrils, while not always observed clearly, are usually present 
in well-fixed material, and are approximately 40 A. in diameter. They sometimes 
have a beaded appearance. The foot processes appear to be fused to the basement 
membrane of the glomerular capillaries by an electron-lucent layer of substance. 
The relationship of the epithelial cells to one another is one of interdigitation of 
foot processes, with extension of the extreme portions beneath the cell body or 
“trabecula”’ of its neighbor, producing an arcade effect (Fig. 1) in cross section. 
Hall®* has developed a theory of glomerular filtration based upon this process of 
interdigitation. His calculations lead him to believe that an astronomically long 
‘‘slit-pore”’ is produced between interdigitated processes which fills all the re- 
(uirements necessary to explain the relatively protein-free filtrate described 
by Richards.*’ It is difficult to accept this as the basis of glomerular filtration 
‘or the following reasons: -(1) The space between foot processes varies in all 
preparations, and even the narrowest space, with rare exception, is more than 
imple to permit passage of protein molecules. (2) The basement membrane, 
or lamina densa, which must be traversed before any filtrate reaches the epi- 
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thelial cell layer, is a relatively dense material with little, if any, ‘“‘pore’’ space. 
(3) In clinical and experimentally produced proteinuria the foot processes are 
usually absent altogether, leaving only sheets of epithelial cell cytoplasm witli 
little ‘‘slit-pore’’ at all.%°-* 

The glomerular basement membrane, or lamina densa,!* is a substance of 
moderate electron density, situated between the endothelial and epithelial cells. 
It varies in thickness both within a given species and between species, ranging 
from 600 A. to 2,400 A. The thickness of the basement membrane in human 


Fig. 1.—Low-magnification electron micrograph of a typical normal human renal glomerulus. 
Note the difference in appearance between the interluminal endothelial cells (I) and the luminal endo- 
thelial cell in upper left (£), cut in tangential plane. Note, too, the large irregular accumulations of 
basement membrane (lamina densa) about these interluminal cells. Visceral epithelial cells (V) an! 
their extensive trabeculated cytoplasmic processes are seen throughout the capsular space, their inter- 
digitating foot processes producing occasional arcades as they cover the external portion of the lamin* 
densa. Three of the many capillary lumens (L) present contain sections of red blood cells. The cyto- 
plasm of the endothelial cells (E) becomes so attenuated that it is barely visible in some places at thi: 
magnification. 


4 


HUMAN RENAL GLOMERULUS 363 


glomeruli appears to be related to age, since that of the newborn infant ranges 
up to 0.3 micron, and it gradually increases up to 0.4 micron in specimens from 
our oldest subjects.** Most investigators have described this layer as homogeneous 
or structureless. Rhodin*® describes it as a central, dense layer having a layer of 
lesser density on either side. Rhodin and others*®-* as well have suggested the 
existence of a fundamental ‘‘feltwork”’ or fine reticular structure whose density 
is not adequate for convincing photographs. Kurtz and McManus“ have 
studied the fine structure of the basement membrane of human glomeruli with 
special techniques and agree with the latter group that a fine structure truly 


Fig. 2.—A tracing of the basement membrane seen in Fig. 1, emphasizing its continuous course, 
aud enclosing large numbers of capillary lumens and interluminal cell aggregates. Lumens / through 6, 
* through 10, and 11 through 14 are enclosed by continuous basement membrane. Note that no com- 
plete encirclement of a capillary lumen by basement membrane is present. 
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exists, and that its significance in glomerular filtration may be of fundamenta! 
importance. 

The endothelial cells which line the vascular channels within the basement 
membrane are apparently uniquely adapted for the function of permitting rapid 
movement of fluids out of the capillaries toward the capsular space. The main 
portion of the cell body, containing the nucleus and other cytoplasmic inclusions, 
usually is located axially between capillary lumens, and the extremely attenuated 
cytoplasmic extensions which line the remainder of the lumen are extensively 
perforated, presenting a fenestrated membrane, or “lamina fenestrata’’!® (Figs. 
3 and 5). Endothelium in other renal capillaries has only occasional similar 
fenestrations.“ Hence, it is strongly suggested that the comparatively enormous 
rate of filtration across the glomerular capillaries may be due in large part to the 
extensive fenestration consistently observed there. 

The axial location of the cell bodies, mentioned above, and the whole spatial 
relationship of the basement membrane to its contents remain the only points of 
serious conflict among investigators working extensively with the structure of the 
glomerulus. The developmental concept of capsular invagination, and its natural 
extension known as the ‘‘mesangial’’ concept, realized wide acceptance by anat- 
omists and pathologists alike. The most effective challenge that revived active 
interest in this problem was that of Hall.'® He denied the whole process of in- 
vagination, and all the subsequent interpretations of glomerular structure that 
were in any part based upon it. He clearly established in this same work that 
only one recognizable cell type was evident within the glomerular basement mem- 
brane, and that was the endothelial cell. Subsequently, Elias** described the 


glomerular capillaries as a mass of cells, probably syncytial, multilobulated, and 


canalized by extensively anastomosing channels or capillary lumens. To this 
mass he appended the name ‘‘endenchyma,”’ which, in reality, is the same as the 
endothelial cells described by others, and similar to the ‘‘mesangium”’ of Zim- 
mermann.'* Mueller,’ in his general review of glomerular structure, illustrated 
his own structural concepts, and described only one cell type within the confines 
of the basement membrane. This was the endothelial cell, arranged in a semiaxial 
pattern. He stated that the axial cells were probably exposed to the capillary 
lumen in another plane. However, implicit in his illustrations was the continuity 
of basement membrane over the lobules of endothelial cells and lumens, and in 
this regard his general interpretation is in agreement with that of Elias, and not 
with that of Hall. 

Yamada“ interpreted his electron micrographs of mouse glomeruli to be 
completely in accord with Zimmermann’s mesangial concept. He described 
structures in the axial cells such as fibrils and cytoplasmic extensions or collicu!i, 
which have not been confirmed by other investigators to date. These cells were 
interpreted to be the mesangial cells of Zimmermann. 

Our electron microscope laboratory has been concerned almost exclusively 
with the study of the human renal glomerulus. On the basis of comparative 
studies of glomeruli from cats, dogs, rabbits, and rats, we are in complete agree- 
ment with the other entries in the literature that glomerular morphology is 
essentially similar in all of the mammals studied. Our only serious disagreemen' 
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with the findings of other investigators is with Hall’s interpretation of glomerular 
morphology,'® specifically, the existence and location of the so-called ‘‘inter- 
capillary space,’”’ a term which was introduced by one of the present authors. 
The basis for this conception was discussed in an earlier section. In brief, it is 
defined as the region or ‘“‘space’’ enclosed between the apposing layers of re- 
flected basement membrane in the axial region between capillary lumens, usually 
containing cells resembling endothelial cells. These axial cells were felt to be 
equivalent in location to the mesangial cells of Zimmermann. Comparative 
anatomic studies of the glomeruli of a variety of mammalian and reptilian forms*® 
revealed in many a well-defined cell aggregate in a central core, which radiated 
out to the peripheral canalized portion of the glomerulus. It was suggested that 
these were the evolutionary antecedents of the axial cells in the higher mammalian 
forms. The electron microscope studies of the avian glomerulus*’ clearly defined 
this axial core of cells, so well exhibited in other vertebrates. Hall stated that the 
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Fig. 3.—A three-dimensional idealization of a portion of a normal renal glomerulus, conceived 
from micrographs such as that in Fig. 1. The visceral epithelial cells are purposely omitted for the 
sake of clarity. Note that interluminal endothelial cells (J) form relatively small islands, which may 
or may not be exposed to the circulating blood. The continuous nature of the lamina densa (LD) 
and the presence of multiple perforations of the endothelial cell lining (EZ) are demonstrated. 


entire mesangial concept of Zimmermann was based upon misinterpretation of 
developmental details as well as details of mature glomerular structure and that 
no axial or ‘‘intercapillary space’’ existed, since invagination of Bowman’s capsule 
did not occur. Therefore, only endothelial cells existed within the basement 
membrane. He supported the latter contention with electron micrographs 
exhibiting only one recognizable cell type within the basement membrane. He 
interpreted the presence of all endothelial cell bodies apparently located between 
c.pillary lumens as tangential cuts of the capillary through an endothelial cell 
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body occasioned by the highly convoluted meandering of the capillaries. His 
latex injection studies supported well the extensive convolutions of capillary 
lumens but threw no light upon the cell mass surrounding these lumens. 

Our first effort to clarify this disagreement resulted in the electron micro- 
scopic analysis of human fetal glomeruli.” In this work it was concluded that 
the invagination concept was indeed a misinterpretation of the facts. The 
results were in complete accord with Hall and Roth’s study of the developing 
rat glomerulus.2" The former work also pointed out that the primitive endo- 
thelial cell mass became canalized to form interconnecting capillary lumens, 
and that the mass enlarged as several broad sheets, overlaid by early basement 


Fig. 4.—An electron micrograph of a human renal glomerulus. This area, deeper in a glomerular 
tuft than that represented in Fig. 1, reveals a larger concentration of interluminal endothelial cells 
(J) and the capillary lumens associated with them (L). Visceral epithelial cells (V), lamina densa (LD), 


and luminal endothelial cells (£) are clearly seen. 
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membrane and epithelial cells. In effect, subdivided cell masses were produced 
within these sheets or lobules by the development of capillary lumens as they 
ramified and dilated. 

We then analyzed large numbers of electron micrographs of human surgical 
biopsy material, fixed at the operating table for electron microscopy. The 
continuity of basement membrane enclosing many capillary lumens and isolated 
masses of endothelial cells was repeatedly observed (Figs. 1 and 2). A few 
exceptions occurred at the extreme periphery of a lobule or where the microtome 
knife severed a tangential elipse of capillary from an outer curved portion. 
These latter two instances were the only situations in which basement membrane 
(lamina densa) was observed to encircle a capillary lumen in 360 degree fashion, 


4 


Fig. 5.—A three-dimensional idealization of Fig. 4, indicating the possible extent of the inter- 
li: minal cell aggregate and its relationship to capillary lumens and luminal endothelial cells. The free 
c:pillary loop illustrated at the top represents a possible interpretation that must be entertained to 
e\plain the rarely encountered complete capillary cross section at the periphery of a lobule. It is em- 
pasized that this occurrence of a free loop, if real, is the rare exception to the general plan of glomerular 
architecture. 
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and, as mentioned above, were only rarely observed. If, as Hall claims, the 
endothelial cells are distributed randomly along the capillary walls, rather thai 
being axially disposed, almost every section of capillary should appear as ax 
individual tube with 360 degree encirclement by lamina densa. Neither his 
photographs nor ours indicate this to be the case (Figs. 1 and 2). 

We note further that usually only one or two endothelial cells are situated 
between capillary lumens, but occasionally (Figs. 4 and 5) a mass of four or five 
cells can be found. The lamina densa is usually irregularly thickened at the 
axial portions, and frequently projections of this material insinuate themselves 
into and about the endothelial cell mass (Figs. 1 and 4), often tending to isolate 
it from the capillary lumens. This latter phenomenon bears resemblance to the 
arrangement of the lamina densa in the glomeruli of birds.‘7 

Careful observation usually reveals the presence of cell membranes between 
all endothelial cells, regardless of their location. No true syncytium exists in 
the sense of Elias.** It is still difficult to establish whether or not single axial 
cells always have some part of their cytoplasm exposed to the capillary lumen. 
Wherever these cells are aggregated in larger numbers, as in Fig. 4, isolation of 
some is likely. The cytoplasm of endothelial cells unmistakably related to the 
capillary lumen is usually less dense than its neighbor between lumens. This 
latter observation suggests that these axial cells nm .y not be exposed to the 
lumen, their denseness possibly indicating a lesser st: ce of hydration than their 
luminal counterpart. 

Since the original concept of mesangium was defined as a stalk consisting 
of special supportive cells, distinguishable from endothelial cells, and often 
associated with connective tissue fibers, it would seem necessary to alter the 
term ‘‘intercapillary space,’’ predicated in part upon the mesangial concept and 
also upon the equally specious concept of invagination of Bowman's capsule by 
glomerular loops. On the basis of the data reported in this paper we suggest in 
place of “‘intercapillary cells’’ the terms ‘“‘interluminal cell aggregates”’ or ‘‘axial 
endothelial cells.’"” We feel that it remains important that this portion of the 
glomerulus retain a discrete identity, for there is still general agreement that 
specific pathology, discussed in the following section, is associated with it. 


THE PATHOLOGY OF THE GLOMERULUS, WITH SPECIAL REFERENCE 
TO THE INTERLUMINAL CELL AGGREGATES 


The axial endothelial cells as the most conspicuous collections of cells in 
the glomerulus present obvious changes in many diseases. Because these have 
already been described and illustrated in adequate detail,” only a brief outline 
and tabulation of the changes in disease will be presented here. Emphasis wil! 
be placed on recent electron microscopic studies. 

It is noteworthy that diseases affecting the glomerulus affect all of its struc- 
tures to a greater or lesser degree. Not visceral epithelial cells, or lamina densa, 
or endothelial cells, or interluminal cell aggregates alone, but usually several or 
all of these are altered. Nevertheless, alterations in one of these structures in 
the glomerulus is usually predominant, affording a basis for classification (Table I). 
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The data from electron microscopy are confirmatory, in large part, of those 
from light microscopy, while the following new material has been added about 
the glomerulus in a few pathologic conditions: Lipoid nephrosis: The broaden- 
ing of the foot processes of the podocytes is appreciable only with the electron 
microscope.*® Toxemia of pregnancy: A diffuse vacuolation of the endothelia! 
cells and interluminal cell aggregates can be seen with the electron microscope.*’ 
This vacuolar appearance is most conspicuous and appears earliest in the inter- 
luminal cell aggregates, in which it was described with the light microscope.‘’ 
Amyloidosis: The presence of a granular drop or deposit in the lamina densa 
in early glomerular amyloidosis has been described in both experimental and 
human amyloidosis.*'*® This had not been suspected in light microscope studies. 


In the accompanying tabulation the limited amount of information made 
available thus far by electron microscopy of the diseased glomerulus becomes 
evident. Quite correctly, we think, the emphasis on investigation has been on 
the development and normal structure of the glomerulus. As a result, the 
accumulated data from this investigation have produced a stable basis from 
which present and future studies of experimental and natural renal pathology 
can be more confidently interpreted. ? 7 
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A Method for Elective Cardiac Arrest in Experimental 
Open-Heart Surgery: Electrocardiographic Observations 


G. Feruglio, M.D.,* and P. Ziliotto, M.D.,** Padua, Italy 


Since elective cardiac arrest has become a valuable adjunct to cardiopulmo- 
nary bypass in open-heart surgery,’ various drugs have been used for this purpose. 
At present, potassium citrate'*:*3 and acetylcholine™:”:** are the compounds of 
choice. 

With both these drugs, untoward effects have been reported.*:5-1®.23.25 More 
serious complications occurred when potassium citrate rather than acetylcholine 
was used. These complications were: difficulty in restoring the heart beat," 
ventricular fibrillation sometimes resistant to electrical stimulation,!? and myo- 
cardial weakness with prolonged hypotension in the postoperative period.’ There- 
fore, the search for safer cardioplegic drugs continues. More compounds such 
as cholinergic drugs, magnesium, calcium and potassium salts, muscle relaxants, 
local anesthetics, and antihistaminics are being studied.*:.*° 

The ideal drug for elective cardiac arrest should have the following proper- 
ties: it should produce prompt, effective arrest in diastole and should allow 
prolongation of such arrest for a sufficient period of time; it should have no toxic 
effects on the cardiac muscle; and one should be able to ‘“‘wash”’ this drug from 
the myocardium or inactivate it with great ease. 

Most of these requirements are met by a combination of acetylcholine, 
procaine hydrochloride, and adenosine triphosphate (ATP), which has been 
used by one of us in collaboration with Mondini and associates'*-*° in experimental 
animals. 

The technical aspects of this method for elective cardiac arrest have been 
described elsewhere." It is the purpose of this study to comment on the electro- 
cardiographic findings during the use of this combination of drugs. 


MATERIAL AND METHODS 


Fifty mongrel dogs weighing from 20 to 40 pounds were anesthetized with sodium pento- 
barbital (15 mg. per pound) and subjected to cardiopulmonary bypass, using the Mondini tech- 
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nique and apparatus." After a rate of perfusion adequate to maintain a satisfactory blood pres- 
sure had been established, cardiac arrest was induced by means of coronary perfusion with a 
solution of: acetylcholine, 2 mg./c.c.; procaine hydrochloride, 0.2 mg./c.c.; and ATP, 0.04 mg./c.c. 
This was given rapidly through a balloon catheter introduced into the ascending aorta. The 
balloon was distended prior to the injection in order to occlude the aorta about 2 inches above 
the semilunar valves. 

The amount of cardioplegic solution needed to obtain cardiac arrest varied from animal to 
animal. Usually, 5 to 10 c.c. was sufficient to attain cardiac standstill lasting for several minutes. 
If required, additional amounts were delivered from a syringe connected permanently with the 
catheter. Through the latter, oxygenated blood was perfused at the rate of 10 to 15 c.c. per 
minute throughout the period of arrest in 10 dogs. 

During all of the experiments the chemical constituents of the blood were kept within nor- 
mal limits. 

A standard operative procedure consisting of right ventriculotomy and suture of a thin 
radiopaque metallic ring around the anterior papillary muscle, for x-ray confirmation, was per- 
formed on all animals. 

Continuous electrocardiographic tracings were recorded during the entire experiments using 
either Standard Lead II or III. 


RESULTS 


The continuous electrocardiographic tracings were analyzed in relation to 
the following phases of induced cardiac arrest: (1) coronary perfusion with 
cardioplegic solution, (2) induced cardiac standstill, and (3) electrical recovery 
of the heart. | 

Coronary Perfusion With the Cardioplegic Solution.—Although in almost all 
of the dogs (45 out of 50) sinus rhythm persisted for a period varying from 3 to 
10 seconds after the injection of the cardioplegic solution was started, the rate 
thereafter gradually decreased, and respiratory arrhythmia, which was present 
in all animals, became more evident. In 8 dogs of this group, supraventricular 
extrasystoles appeared, and the P-R interval increased until first degree A-V 
block occasionally developed (Dog E, Fig. 4,/). 

In the remaining 5 dogs, atrial fibrillation occurred, with a ventricular rate 
slightly increased as compared with the preinjection rate (Dog A, Fig. 1,1). 
In all cases the intraventricular conduction of the stimulus was delayed, while 
the voltage of the QRS complex tended to diminish and the Q-T interval was 
shortened. 

In 15 animals the T waves became flattened. 

Induced Cardiac Standstill—In 50 per cent of the dogs (Dog D, Fig. 3,/) 
cardiac arrest occurred suddenly. In the remainder a premonitory phase was 
obvious, lasting from 3 to 12 seconds (Dog A, Fig. 1,2). This was characterized 
by.a very slow, mid-nodal rhythm with occasional supraventricular extrasystoles 
or by short runs of ventricular extrasystoles (Dog B, Fig. 2,2) showing a gradual 
reduction of the voltages. During the period of cardiac standstill, which lasted 
from 4 to 8 minutes after a single injection of 5 to 10 c.c. of cardioplegic solution 
into the root of the aorta, the heart was completely inactive electrically, except 
for the very rare ectopic beats occurring in 25 per cent of the dogs and probably 
re-ulting from surgical manipulation of the heart (Dog B, Fig. 2,4-5; and Dog F, 
Fir, 5,2-3). These beats were sporadic, ventricular in type, appearing some- 


# 
% “ 
a 
ny. 
: 
aa 
= 


374 FERUGLIO AND ZILIOTTO 1595 


times singly and at other times in pairs. In a few instances in which the perfusicn 
was intentionally reduced (Dog C, Fig. 3,2) a nodal rhythm appeared. Once tlie 
perfusion was restarted, this promptly disappeared. 

In 9 dogs (18 per cent) the arrest was only of the ventricular type, while 
atrial activity persisted with a slow, but well-preserved rhythm (Dogs B and £, 
Figs. 2 and 4). In 6 of these dogs the atria could be completely inhibited by in- 
jecting additional amounts of solution (Dog B, Fig. 2,5). 

Electrical Recovery of the Heart-—Complete recovery of normal electrical 
activity by the heart was spontaneous in all instances. In 35 animals it was 
initiated by: a short run of disorganized uni- or multifocal ventricular beats 
which lasted no longer than 7 seconds; then an atrial pacemaker became efficient. 
In the remaining 15 animals the electrical resuscitation of the heart coincided 
with the appearance of a supraventricular rhythm, which was normal sinus 
rhythm in 5 dogs (Dog E, Fig. 4,3), nodal rhythm with or without atrial pre- 
mature beats in 8 dogs (Dog B, Fig. 2,6; and Dog F, Fig. 5,4), and atrial fibril- 
lation in 2 dogs (Dog C, Fig. 3,3-4). 

Minor disturbances of the repolarization, with slight negative deviation 
(less than 2 mm.) of the S-T segment and T-wave flattening, were observed in 
40 per cent of the animals. These lasted 1 to 3 days postoperatively. 


DISCUSSION AND CONCLUSIONS 


Coronary perfusion with acetylcholine, procaine hydrochloride, and ATP, 
used for elective cardiac arrest, affected the atria somewhat differently from the 
ventricles. 

In 9 out of 50 dogs an atrial electrical activity persisted throughout the 
experiments. It consisted of sinus bradycardia, nodal rhythms, or atrial fibril- 
lation. The ventricles, however, were eiectrically inhibited in all of the dogs 
within 15 seconds after the perfusion was started. ' 

It is of interest that ventricular arrest was never preceded by ventricular 
tachycardia or ventricular fibrillation. At most, a few irregular ventricular 
beats appeared at this stage. 

Ventricular standstill was very well maintained in diastole, for 8 to 10 min- 
utes after a single injection of 5 to 10 c.c. of cardioplegic solution into the root 
of the aorta. 

Isolated ventricular and atrial beats which might occur when the heart was 
stimulated surgically during cardiac arrest could be prevented or eliminated by 
increasing the rate of perfusion. 

Complete recovery of the electrical activity of the heart was spontaneous 
in all instances. It was characterized by the prompt appearance of an organized 
supraventricular rhythm. 

It is noteworthy that no instances of irreversible cardiac arrest, persistent 
A-V block with low ventricular rate, ventricular tachycardia or fibrillation were 
encountered, in contrast to the common occurrence of these arrhythmias 
when cardiac arrest was attained by using potassium citrate or acetylcholine 
alone. §:15-17 23,25 
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Although acetylcholine was the most effective component of the cardioplegic 
solution employed in our experiments, the addition of procaine hydrochloric‘e 
and ATP probably played an important role in making the acetylcholine arrest 
more effective and safer. Previous experiments carried out in this laboratory '* 
with acetylcholine alone gave support to such a hypothesis. 


Fig. 4.—Dog E. 1, Sudden onset of ventricular standstill under coronary perfusion, while (2) 
atrial activity persists. 3, Recovery of the electrical activity of the heart occurs, with the prompt ap- 
pearance of a normal sinus rhythm. 


Procaine hydrochloride, like many other local anesthetics, is effective in 
decreasing the irritability of the myocardial fibers and in prolonging their ef- 
fective refractory and conduction periods.*:* Because of these properties pro- 
caine has a well-demonstrated antifibrillatory action.*® 

Procaine hydrochloride is inactivated within the tissues by cholinesterase." 
Therefore, when administered with acetylcholine, it decreases the rate of hydrol- 
ysis of acetylcholine by means of a competitive mechanism.'’°" The result is 
that relatively smaller amounts of acetylcholine are needed to achieve an e!- 
fective cardiac arrest. 

Adenosine triphosphate is the primary source of energy in the dynamics 
of muscular contraction.2”. Its concentration in the myocardium rapidly de- 
creases in hypoxic states and causes the force of contraction and the rate of energy 
utilization of the heart muscle to decline." Recent studies on the metabolism 
of the arrested heart® have shown that ATP decreases from 6 mM./Kg. in the 
normal beating heart to 3 mM./Kg. over a period of 20 minutes in the hear! 
arrested by either potassium citrate or acetylcholine. 
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Besides its metabolic action, ATP has the property of decreasing the ir- 
ritability of the atrial muscle and depressing the A-V conduction.” 

To prevent, as far as possible, metabolic imbalance in the arrested heart, 
slow but continuous coronary perfusion with oxygenated blood was used in 
10 dogs. This did not seem to shorten significantly the effect of the acetylcholine- 
procaine-ATP solution nor to affect the onset of cardiac arrest and the electrical 
recovery of the heart. 


Fig. 5.—Dog F. 1, Extracorporeal circulation established. 2, Cardiac arrest induced by coronary 
perfusion with acetylcholine, procaine hydrochloride, and ATP occurs. 2, 3, Occasional ventricular 
beats occur under mechanical stimulation of the heart. 4, Electrical recovery of the heart. The asterisk 
(*) indicates 10-minute interval. 


The electrocardiographic changes in the postoperative period were minimal. 
Minor changes in the S-T segments and T waves disappeared within 3 days. 

The maximum duration of safe cardiac arrest by this method has not been 
established. 

The acetylcholine-procaine-ATP solution has been shown to have, in our 
experience, nearly ideal properties for elective cardiac arrest. The solution 
achieved a prompt and effective cardiac arrest in diastole and had apparently 
no toxic effect on the cardiac muscle. 

The electrical recovery of the heart was spontaneous in all instances, and 
dangerous arrhythmias, such as ventricular tachycardia or fibrillation, never 
occurred. 
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SUMMARY 


and ATP achieves a safer arrest than potassium citrate or acetylcholine alone. 
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Reflex Venomotor Alterations During Exercise and Hyperventilation 


Francis L. Merritt, M.D.,* and Arnold M. Weissler, M.D.,** Durham, N. C. 

While the cardiovascular alterations accompanying exercise in man have 
been studied extensively, the neural or humoral factors initiating and regulating 
these changes are still poorly understood. In an attempt to elucidate further 
the presence of reflex factors in the exercise response, the present study of pe- 
ripheral venomotor alterations in the nonexercising upper extremity accompany- 
ing leg exercise was initiated. 


METHOD 


The 14 subjects studied were 8 normal university students and 6 convalescing hospital patients 
without cardiovascular disease, who ranged in age from 18 to 57 years. Reflex vasomotor activity 
was studied in an isolated forearm segment, as described by Wallace.' In this preparation an 
indwelling needle is placed in a large antecubital vein. Changes in pressure are monitored after a 
pneumatic cuff, placed proximally on the arm, is inflated to suprasystolic levels. Studies were 
performed during the period from the second to the eighth minute of inflation of the cuff. Simul- 
taneous recordings of arterial and venous pressures in the opposite forearm, and a pneumotachy- 
gram were made. Statham strain guages (P23D) and a multichannel recording system were 
employed in all studies. 

After inflation of the pneumatic cuff to suprasystolic levels (250 to 300 mm. Hg) the pressure 
in the local segment comes to equilibrium within 1 to 2 minutes. The base-line recording in the 
isolated segment is characterized by a gradually falling pressure rather than a plateau. Minor 
spontaneous fluctuations in the equilibrium pressure of less than 1 cm. of water were often noted, 
and consequently, only changes of greater magnitude were considered to be significant. The validity 
of reflex changes was determined by their reproducibility and by their characteristic configuration 
(Fig. 1). Patency of the system was confirmed before and after each procedure by observing the 
characteristic effects of a single deep breath on venous pressure in the segment. In all studies, 
precautions were taken to maintain a steady cardiovascular state: Since it has been observed that 
emotionally charged events are associated with significant alterations in venomotor activity, all 
procedures were discussed in advance with the subjects, and alarming situations were avoided. 
The studies were performed in a quiet, darkened, temperature-regulated room. 

All procedures, including exercise, were performed with the patient supine. Leg exercise 
was performed on a bicycle ergometer adapted for this position so as to confine motor activity to 
the lower extremities. The upper extremities were supported and maintained immobile during the 
procedure. In this manner motion in the upper extremities was kept at a minimum, as reflected 
by the mild degree of artefact in the sensitive venous pressure recordings. 
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Passive exercise was performed by manual activation of the ergometer. Reactive hyperemia 
was induced by the sudden release of pneumatic cuffs placed proximally on the lower extremities 
and inflated at systolic arterial blood pressure levels for 10 minutes. 


RESULTS 


Effects of Exercise—Control observations were made with the subject’s legs 
strapped to the ergometer pedals in the exercise position. Brief periods of exer- 
cise lasting from 15 to 30 seconds were studied. In each of the 14 subjects stud- 
ied an immediate elevation in the pressure of the isolated segment was noted 
with the first strokes on the bicycle ergometer. A typical response is illustrated 
in Fig. 1. The responses were sustained after cessation of exercise for a variable 
period ranging from 10 to 30 seconds. The results were highly reproducible on 
repeat performance after a steady state was again attained. The range of peak 
response is illustrated in Fig. 2. The average peak response was 11 cm. H,O 
(S.D. 5.1 cm. H,O). Changes in pressure in the nonisolated forearm vein were 
inconstant and of low amplitude when compared to those in the isolated seg- 
ment of the opposite arm. No significant alteration in systemic arterial pressure 
during exercise was noted. 7 


tsingie fexercise 


Fig. 1.—Typical responses of an isolated segment to deep inspiration, a short period of leg exercise, 
and hyperventilation in a normal supine subject: Pneumo. refers to the pneumotachygram. Arterial 
pressure from the opposite extremity was recorded simultaneously. 
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Effects of Respiratory Maneuvers, Passive Leg Motion, Anticipation of Exe:- 
cise, and Reactive Hyperemia.—In an attempt to separate some of the known 
components of exercise, the reflex effects of a single deep inspiratory maneuve;, 
hyperventilation, passive leg motion, anticipation of exercise, and reactive hy- 
peremia of the lower extremities were studied. The results of these procedures 
are summarized and compared to those of exercise in Fig. 2. While each of the 


Passive 
Leg Reactive 
Motion Anticipation Hyperemia 


Hyper- Deep 
Exercise Ventilation Breath 


Fig. 2.—A comparison of maximum isolated segment responses during various test procedures. 


Fig. 3.—Simultaneous pressure responses in the isolated segments of an ae and vein of the forearm, 
following a deep inspiration. 


above-mentioned maneuvers was capable in certain subjects of eliciting a veno- 
constrictor response, only hyperventilation and single deep inspiration evoke 
consistent increases in venous pressure in the isolated forearm segment. None 
of these isolated venous responses equaled in magnitude the response seen during 
exercise in the individual subject. It is noteworthy that the magnitude of veno- 
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constrictor responses to a single deep breath were often equal to, or greater than, 
that of responses to periods of hyperventilation lasting from 15 to 30 seconds. 
Simultaneous recordings of intra-arterial and venous pressure in the isolated 
segment during the test maneuvers in 3 subjects revealed only minimal increases 
in arterial pressure when compared to the venous response (Fig. 3). 

Effect of a Ganglionic Blocking Agent.—In 3 subjects with active venomotor 
reflex changes the effects of an infusion of a rapidly metabolized ganglionic block- 
ing agent (Arfonad)?:* on the response of the isolated segment was studied (Fig. 
4). The Arfonad was infused at a rate of 1 to 4 mg. per minute in a 0.5 per cent 
saline solution. In each study the infusion was started after the segment had 
been isolated. Effective ganglionic blockade was accompanied by mild hypo- 
tension. In each subject, virtually complete suppression of the venomotor re- 
sponse to exercise, deep single inspiration, and hyperventilation was noted. 


Fig. 4.—The effects of exercise, deep breath, and hyperventilation in an isolated segment before (B) 
and after (A) ganglionic blockade. Arterial and venous pressures in the opposite upper extremity were 
recorded simultaneously. 


DISCUSSION 


While reflex venomotor activity has been studied in a variety of physiologic 
states, the techniques developed to the present have yielded only a limited num- 
ber of observations during exercise. Wallace! has recently developed an isolated 
forearm segment method for studying vasomotor responses in the forearm distal 
to a pneumatic cuff inflated at suprasystolic levels. With this technique, as ‘em- 
ployed in the present study, directional changes in vasomotor tone can be readily 
recorded during bodily movement. It.is of importance to note that because of 
‘he communication of venous and arterial systems in the upper extremity isolated 
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in this fashion, localization of the segments.of the vascular tree involved in the 
vasomotor response cannot be specifically defined. In previous studies employ. 
ing recordings of pressures from both the venous and arterial sites, the major 
pressure responses have been noted consistently from the veins. Similarly, i: 
the present study when simultaneous arterial and venous pressure determinations 
were observed, the pressure in the veins changed actively while the arterial pres- 
sure responses were minimal. One cannot ascertain by the present techniques 
whether these slight changes in arterial pressure reflect the venous pressure 
alteration or indicate concomitant reflex vasomotor activity in the artery. 

The present observations provide further evidence for the concept of active 
participation of venomotor reflexes in the cardiovascular adaptation to exercise 
in man.‘ In accord with previous observations employing other techniques, 
similar vasoconstrictor activity has been observed during single deep inspira- 
tion,®* hyperventilation,’ and the anticipatory emotional reaction.** Reflex 
responses to passive leg motion and artificially induced reactive hyperemia in 
the lower extremities have not been described previously. Only the responses 
to a single deep breath and hyperventilation approached in magnitude and 
consistency those seen during exercise. It would appear that the reflex exercise 
response might represent a summation of some of these individual components 
and other unidentified activators of autonomic activity. The effect of ganglionic 
blockage in suppressing these responses indicated that they are indeed mediated 
through the autonomic nervous system. 


SUMMARY 


1. Reflex venomotor responses were measured in an isolated segment of 
the forearm in 14 subjects during short periods of exercise, single deep inspira- 
tions, and hyperventilation, as well as with passive leg motion, the anticipatory 
emotional reaction, and reactive hyperemia of the lower extremities. 

2. Exercise, single deep inspiration, and short intervals of hyperventilation 
resulted in consistent increases in venous pressure in the isolated segment. The 
other maneuvers studied elicited less regular responses. The exercise response 
exceeded in magnitude that of the respiratory maneuvers. Autonomic ganglionic 
blockade resulted in suppression of these venomotor responses. 

3. These data provide further support for the concept of active partici- 
pation of venomotor reflexes in the cardiovascular adaptation to exercise. 
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The Vectorcardiographic Equivalent of the ‘Crochetage” of the QRS of the 
Electrocardiogram in Atrial Septal Defect of the Ostium Secundum Type. 
Preliminary Report 


Antonio Rodriguez-Alvarez, M.D.,* Gloria Martinez de Rodriguez, M.S.,** Albert 
M. Goggans, M.D.,*** Cortell K. Holsapple, M.D.,*** Ed. L. Etier, M.D.,*** 
John S. Marietta, M.D.,*** Steve W. Wilson, M.D.,*** and 

Gordon B. Kelly, M.D.,*** Fort Worth, Tex. — 


Electrocardiograms with widened QRS suggesting right bundle branch block 
were first described in atrial septal defect by Bedford and Brown,' in 1937, 
and by Routier and Heim de Balsac,? in 1938. Its diagnostic importance was 
later stressed by Routier and associates,* in 1940, Bedford and associates,‘ in 
1941, Vizcaino and associates,® in 1948, and Barber and associates,® in 1950. 
In 1953, Limén-Lason and associates’ presented a series of 50 cases diagnosed 
by cardiac catheterization. Forty-four of these cases were classified as uncom- 
plicated (pure). Correlations among the clinical, hemodynamic, and electro- 
cardiographic data were made. In 1956, Walker and associates* compiled sev- 
eral groups of patients (from different hospitals) who had been studied by cardiac 
catheterization, and thus, 95 cases were reported, together with the electrocardio- 
graphic and hemodynamic correlations. These works proved beyond doubt 
that the electrocardiogram was of definite value in the diagnosis of atrial septal 
_ defect, and that the controversy over the terminology and physiologic explana- 
tion of incomplete right bundle branch block (or RSR’ in Lead V;) would not 
diminish its usefulness. 

Surgical exploration of the septum gave new impetus to the pursuit of this 
subject, and in 1956, Toscano-Barboza and associates’ reported characteristic 
findings in the electrocardiograms and vectorcardiograms of proved cases o/ 
persistent common atrioventricular canal, in contrast to cases of atrial septa! 
defect of the secundum type.'® Recently, Milnor and Bertrand" reported the 
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electrocardiographic findings in 24 cases of uncomplicated atrial septal defect 
diagnosed by cardiac catheterization and confirmed by autopsy or by surgical 
exploration. Silverblatt and associates” reported the electrocardiographic and 
spatial vectorcardiographic findings in 30 cases of atrial septal defect diagnosed 
by cardiac catheterization. Hamer” has recently reported vectorcardiographic 
studies in 40 patients diagnosed by cardiac catheterization, and in 12 of them 
confirmation was made by surgical exploration. Grishman and Scherlis,™ 
by using simultaneous recordings of the electrocardiogram and vectorcardiogram, 
have demonstrated a good degree of correlation between the standard and uni- 
polar limb leads and the frontal and sagittal projections of the vectorcardiogram. 
Silverblatt and associates" have classified the more frequent vectorcardiographic 
patterns which also correspond to most of the usual electrocardiographic features 
in atrial septal defect. 

We have been impressed by the relatively high frequency of a ‘‘crochetage”’ 
in the R wave in Leads II, III, and aVF reported by different groups of investiga- 


tors. We thought that this pattern should have equivalent vectorcardiographic si 
QRS loops in the frontal and sagittal projections. Such a pattern was not in- es 
cluded in Silverblatt’s classification nor in other recent reports. The purpose ca 


of this paper is to report on such a vectorcardiographic pattern which we have 
found in a small but rather uniform group of patients whom the surgeons reported 
as having atrial septal defect of the ‘‘ostium secundum type.” 


MATERIALS AND METHODS 


Eleven consecutive patients who were reported by the surgeon as having large atrial septal 
defects of the ‘‘ostium secundum type’’* were selected for this study. All other complications were 
excluded except partial anomalous drainage of the pulmonary veins.t All patients had complete 
clinical,.x-ray, and electrocardiographic evaluation, using the conventional twelve-lead electro- 
cardiogram. This was followed by cardiac catheterization. In addition, the following diagnostic 
methods were employed: 

1. In some cases, precordial leads Vsr, Vir, Vsr, Ver, Vir, Ver, V7, and Vs were recorded in 
addition to the routine twelve leads. Lead V; was recorded simultaneously with most of these 
leads and most of the conventional twelve leads, using a photographic recording machine. 

2. Indicator dye dilution curves{ were obtained a few weeks in advance of cardiac catheter- 


ization. The technique used was described by Nicholson, Burchell and Wood." Because of its igi 
simplicity and proved usefulness as a reliable screening procedure, an adult earpiece was used in sacs 
all cases. In some cases the technique described by Swan and Wood"* was applied during the ieee iy 
performance of cardiac catheterization. 

3. Spatial vectorcardiograms were obtained by using the cube technique of electrode place- r 4 


ment as described by Grishman and associates.!7 Photographs of the cathode-ray oscilloscopic 
screen (Sanborn Viso-Scope) were obtained by means of a 35 mm. photographic camera actuated 
by an electrical timing mechanism devised by one of us (A. R.-A.). The oscilloscope’s beam was 


*It is becoming a common experience that, actually, ostium secundum is not a very frequent 
finding, and that probably defects of the fossa ovalis form the bulk of surgical cases.27_ It has, however, 
become customary, both for the clinician and the surgeon, to refer to them as cases of ostium secundum, 
Mmeinly for the purpose of distinguishing them from ostium primum and common atrioventricular canal, 
which present a different clinical and surgical problem. 

+One patient (Case 8) had a right superior pulmonary vein emptying into the right atrium. Another 
Patient (Case 1) had two pulmonary veins draining into the right atrium. 

tA 2 per cent sterile solution of Evans blue was used as an indicator. This dye was provided for 
al! our studies through the courtesy of Warner Chilcott Laboratories, Morris Plains, N. J. 
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interrupted 400 times per second (every 2.5 milliseconds). The direction of the inscription of the 
vectorcardiographic loops is indicated by knowing that each marking terminates abruptly and 
that the next segment begins with a pointed origin. 


RESULTS 


Eleven patients had surgical exploration, and in all of them the surgeon 
reported a big defect* of the upper portion of the interatrial septum (‘‘ostium 
secundum type’’). This group consisted of 6 males and 5 females, who ranged 
in age from 6 to 50 years. In 7 patients a slight degree of dyspnea was present. 
Cyanosis was not present in this group, and only a very slight degree of arterial 
unsaturation was discovered during the performance of the dye dilution test 
(earpiece oximeter) or during cardiac catheterization. In 10 patients a systolic 
murmur, Grade 1 to 4, was present. Its maximum intensity was at the second 
and third left intercostal spaces. A systolic thrill was present in the same area 
in 4 patients, whereas a short diastolic murmur was present in the same area in 
5 patients. An accentuated second sound was present in 6 patients, and in 3 
of them this sound was split. 

Cardiac Catheterization Data.—The right ventricular systolic pressure ranged 
from 37 to 87 mm. Hg. The highest gradient across the pulmonary valves was 
17 mm. Hg (Case 5). Right atrial blood samples with high oxygen saturation 
were found in all patients. The cuvette oximeter played a major role in this 
determination, since it permitted the examination of a great number of samples 
during the cardiac catheterization. 

Electrocardiographic Data.—All the records showed a sinus rhythm. The 
P-R interval was within normal limits in all patients except Cases 2, 6, and 8, 
in whom it was prolonged. The QRS duration ranged from 0.08 to 0.12 second © 
(Fig. 1). In all patients the mean electrical axis of QRS was located between 
+85° and +135°. In precordial lead V, the QRS complexes were of the rSR’ 
type in 9 patients. In some the rSR’ complexes were more clearly seen in Leads 
Vsr and V2 than in Lead V;. In the other two patients the qR complexes were 
found with a delay in the intrinsicoid deflection.'* These two patients failed to 
show an rSR’ in Leads Ver and V2. The intrinsicoid deflection in Lead V; 
ranged from 0.04 to 0.08 second in all patients. 

Dye Dilution Curves——The data from 8 dye dilution curves were available 
and all showed the pattern of a left-to-right shunt. A degree of the magnitude 
of the pulmonary blood flow in this group can be estimated from an index (dis- 
appearance time/build-up time) proposed by Broadbent and Wood.'® In normal 
subjects these authors reported indices of from 1.2 to 2.0, whereas in subjects 
with atrial septal defects, indices of 2.4 to 7.3 were found. These investigators 
found that a higher index was indicative of a larger degree of left-to-right shunt. 
In our patients with defects of the upper portion of the septum the lowest index 
was 3.4, and the highest was 5.32. 


*In all patients the defect was described as big or large. In some cases the approximate measure- 
ments were given: 3 to 4 cm. in diameter for adults and 2 or 3 cm. for children was considered as 
large defect. 

tIn a scale of 1 to 4. 
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Fig. 1.—Conventional twelve-lead electrocardiograms for Cases 1 through 11. 
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Phonocardiograpnic Data.—Phonocardiographic data were available in 5 
patients. In general, such data correlated well with the auscultatory findings. 
The typical finding was a short systolic murmur, and in some patients there w.:s 
a wide splitting of the second sound with an accentuated and late pulmonary 
sound. A slight degree of delay of the first sound was found in some patients, 
but the surgeon did not find mitral stenosis in these series. The clinical sig- 
nificance of this sign will be studied in another publication. 


Ss 


Fig. 2.—Horizontal, sagittal, and frontal projections of the vectorcardiograms (Grishman technique 
for Cases 3, 8, 9, 10, and 11. 


H F 
8 “2 at 
7 
i 
4 — 


Mee VCG EQUIVALENT OF CROCHETAGE OF QRS OF ECG 393 


Vectorcardiographic Data.—Vectorcardiographic data were available in 5 
of our patients. Fig. 2 shows the vectorcardiographic projections in the hori- 
zontal, sagittal, and frontal planes. As may be seen in Fig. 2, the horizontal 
projection of the QRS loop was inscribed in a clockwise direction in 4 patients. 
Most of them had an early loop diverted toward the right and anteriorly, thus 
favoring the inscription of a small r wave in Leads V3r, Vi, and V2. In all pa- 
tients the sagittal projection was inscribed in a counterclockwise direction. In 
the frontal projection in all patients for whom vectorcardiographic studies 
were available there was a clockwise inscription of the QRS loop.* Also, the 
spatial vectorcardiograms all had a rather anterior position, as can be seen from 
the horizontal and sagittal projections. The sagittal and frontal projections in 
this group also showed that, mainly, this loop was inscribed inferiorly to the 
isoelectric point, and that in some patients (Cases 3, 9, 10) it had a double hump 
pointing downward. This correlated very well with the electrocardiographic 
data which showed in all patients mainly positive complexes in Lead aVF and 
(in Cases 3, 9 and 10) a bifid R wave in one or more of Leads aVF, II, and III. 
These bifid R waves, or M-shaped complexes, existed also in some patients for 
whom vectorcardiograms were not available, such as in Cases 1, 2, 4, and 7. 
Seven patients presented this electrocardiographic sign.t 

We have attempted to correlate our vectorcardiographic findings with 
those published by other investigators. We have found that in those patients 
for whom vectorcardiograms are available, 2 patients (Cases 8 and 11) fall into 
the same classification as the patients of Silverblatt and associates’ Group 1 
(who were not divided according to the anatomic findings). Cases 3, 8, and 10 
have a characteristic ‘double hump” in the frontal and sagittal projections. 
We have not seen any description of this particular morphology, but one illustra- 
tion published by Hamer" shows a frontal projection with some degree of this 
“double humping”’ of the medial portion of the QRS loop. In our cases, these 
humps are very well marked, and the corresponding electrocardiograms show a 
characteristic M-shaped R wave in Leads IJ, III, or aVF. These two vector- 
cardiographic and electrocardiographic pictures have been found also in most of 
our patients who have been studied and catheterized recently and have been 
diagnosed as having atrial septal defect of the “‘ostium secundum type.” 


SUMMARY 


1. Eleven patients who were diagnosed as having atrial septal defect of the 
ostium secundum type comprised the material of this study. Confirmation of the 
diagnosis in all patients was made at surgery. 

2. A brief summary of the clinical findings was included together with 
laboratory data. 


*The only partial exception was in Case 10. 
+The finding of ‘‘crochetage’’ of the QRS complex in Lead II was almost a constant finding in the 
early report of Routier, Brumlik and Malinsky.2 This has also been a common occurrence in some of 
the series presented in the literature, for which illustrations are available.‘:¢:7-8-11-13.20-26 Of those re- 
ports in which vectorcardiograms were illustrated, we have found one illustration which showed a 
double hump in the frontal projection (Fig. 2 in the paper published by Hamer'®). 
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3. Laboratory data included electrocardiographic and vectorcardiographic 
studies, indicator dye dilution curves, and cardiac catheterization. 

4. With but one exception, these patients were all ambulatory and without 
significant clinical symptoms. 

5. Particular emphasis is placed on electrocardiographic and vectorcardio- 
graphic correlations. A definite relationship was demonstrated between the 
frontal and sagittal projections in the vectorcardiogram and the ‘‘crochetage’’ 
in the QRS complexes in Leads II, III, and aVF of the electrocardiogram. 


The establishment of research at this laboratory was made possible, to a great extent, through 
the enthusiastic and visionary work of Dr. Robert H. Mitchell. We are indebted to Mrs. Maxine 
Carpenter, R.N., and Mrs. Justine Lyons, R.N., for their technical assistance, and we wish to 
acknowledge the aid given to us by Dr. Ross E. Kyger, Dr. Charles A. Rush, Dr. Dewey W. 
Johnston, and Dr. Robert W. Brown, who cooperated in the cardiac catheterization work. Ac- 
knowledgment is also due to the surgeons who operated on our patients, and who provided us with 
the anatomic information: Dr. Denton A. Cooley and his group from Houston, and Dr. Clive R. 
Johnson and Dr. James O. McBride and their groups from Fort Worth. 
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Case Reports 


Myocarditis Associated With Myositis of the Small 
Intestine and the Urinary Bladder: Report of a Case 


Harold S. Ramos, Captain, MC, USA F,* Raymond Scalettar, Captain, MC, USA,** 
Douglas G. Martz, Captain, MC, USA,*** and Thomas W. Mattingly, Brigadier 
General, Retired, MC, USA,**** Washington, D. C. 


Acute myocarditis often presents as unexplained myocardial failure or 
sudden death in young individuals.'-* That it may exist as a chronic disease, 
either asymptomatically or with a varying degree of cardiac embarrassment, 
is less well appreciated. The purpose of this paper is to report the clinical and 
autopsy findings in a case of chronic myocarditis associated with widespread 
smooth muscle involvement, and with clinical and histologic features of mal- 
absorption of the small intestine. To our knowledge, this association has not been 
noted previously. 


CASE REPORT 


A 25-year-old Caucasian male aircraft inspector was transferred to Walter Reed Army 
Hospital on March 13, 1957, with the diagnosis of cardiomegaly and pulmonary fibrosis of unde- 
termined etiology. His chief complaints were mild fatigability, poor appetite, and a loss of weight 
of 17 pounds in the past year. 

The patient was born in West Virginia, and was one of eight living children. The parents and 
seven siblings were alive and well, although his mother was reported to have had recurrent episodes 
of jaundice, and one sister had had jaundice when she was 13 years of age. 

Prior to entering the military service, he had lived with his family on a farm in West Virginia, 
and was employed in a local paper mill. He was active in athletics and had an excellent exercise 
tolerance. He entered the military service in June, 1951, and served at military bases in Texas, 
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Illinois, and Massachusetts. In March, 1952, he first noted the onset of weakness and exertional 
dyspnea, which increased over a 2-week period, and was associated with the passage of dark urine. 
A review of the clinical records of his hospitalization revealed that on admission the patient was p ile 
and chronically ill. His blood prssure was 90/40 mm. Hg, and his pulse rate was 90 per minute. 
His skin was a lemon yellow in color. The conjunctivae and mucous membranes were pale, but 
scleral icterus was not present. The right lobe of the liver was thought to be enlarged, but the 
spleen could not be palpated. The initial red blood cell count was 2,450,000 per c.mm., with a 
hematocrit of 14 per cent. The indirect reacting bilirubin was increased to 1.3 mg. per cent. All 
other laboratory studies were normal. A sternal marrow aspirate revealed an erythroid hyper- 
plasia. Radiologic studies of the gastrointestinal tract and gall bladder were normal. He was 
treated with 2,000 c.c. of blood, and subsequently under observation, he maintained a normal 
hemoglobin and hematocrit. He was considered to have congenital hemolytic anemia at that 
time, but splenectomy was deferred. 

On return to duty he remained asymptomatic until early 1955, when a persistent upper 
respiratory infection developed, with cough, chest pain, malaise, anorexia, and loss of weight. 
Numerous chest x-rays were obtained and revealed no pulmonary lesions. He subsequently noted 
the onset of crampy abdominal pain and frequent, loose, foamy, yellow stools. He was again 
hospitalized for a period of 75 days. During this time his symptoms gradually decreased without 
specific therapy. Review of the clinical records of this second hospitalization revealed that the 
patient had a microcytic hypochromic anemia, which was thought to be due to poor iron absorption, 
and for which oral iron therapy was instituted. At the time of discharge, the patient continued to 
have three or four loose, foamy, bowel movements daily, and frequent symptoms suggestive of 
upper respiratory infection. In December, 1956, he began to complain of frequent episodes of 
wheezing and intermittent sharp chest pain. On Jan. 19, 1957, he noted the onset of increasing 
fatigability, malaise, and a persistent cough productive of rusty sputum. He was hospitalized 
for his final admission on Jan. 21, 1957, at which time he was in obvious respiratory distress, with 
audible inspiratory rales throughout the lung fields. A Grade 1 apical systolic murmur was heard. 
An x-ray of the chest revealed chronic pulmonary congestion and cardiomegaly. The electrocardio- 
gram demonstrated an intraventricular conduction defect with features of a left bundle branch 
block. The patient’s symptoms subsided on conservative therapy, but because beta hemolytic 
streptococci were cultured from the sputum, a therapeutic course of penicillin was given. Sub- 
sequent sputum cultures were negative. The patient was then transferred to Walter Reed Army 
Hospital for further diagnosis and treatment. 

Physical examination on admission to this hospital revealed a well-developed, poorly nour- 
ished, chronically ill, white man in no acute distress. His blood pressure was 100/70 mm. Hg, 
the pulse rate was 80 per minute, and the temperature was 98.6°F. His height was 65 inches. 
He weighed 118 pounds, although his usual weight was 135 pounds. There were palpable lymph 
nodes, 1 cm. in size, in both axillary areas. There was a mild kyphosis of the dorsal spine, and an 
increased anteroposterior diameter of the chest. The lung fields were hyperresonant on percussion 
and clear to auscultation. The heart was clinically enlarged, with overactivity of the right ventricle, 
and with the apical impulse visible in the fifth intercostal space in the mid-clavicular line. The 
cardiac rhythm was regular, with an occasional premature systole. The second sound at the pul- 


‘ monic area and the first sound at the mitral area were accentuated. The third heart sound of a 


ventricular gallop was easily heard. There was a poorly transmitted Grade 1 apical systolic mur- 
mur which occupied only the first half of systole. The edge of the liver could be felt just beneath 
the right costal margin and was soft and nontender. There was hyperextensibility of the periph- 
eral joints and early clubbing of the fingers. 

The hemoglobin was 14.2 Gm. per cent; hematocrit, 52 per cent; red cell count, 5,250,000 per 
c.mm.; corrected sedimentation rate (Westergren), 18 mm. per hour. The white blood cell count 
was 7,900 per c.mm., with a normal differential count. Mean corpuscular volume was 100 cubic 
micra; mean corpuscular hemoglobin, 27 micromicrograms; mean corpuscular hemoglobin con- 
centration, 27 per cent. On admission, urinalysis showed a specific gravity of 1.023, was negative 
for albumin and sugar, and there was only an occasional white blood cell per high-power fie'd. 
The serologic test for syphilis was negative. The total serum protein was 7.6 Gm. per cent, with 
3.3 Gm. of albumin and 4.3 Gm. of globulin. Stool specimens were negative for ova and parasit:s; 
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there was no trypsin activity on gelatin digestion test, and the specimens contained numerous fat 
globules as identified by the Sudan III staining technique. The total serum bilirubin was 0.5 mg. 
per cent; cephalin flocculation was 1+ in 48 hours; thymol turbidity was negative. The Brom- 
sulphalein test of liver function showed a retention of 1 per cent in 45 minutes. Blood chemistries 
were as follows: Total serum cholesterol was 121 mg. per cent initially, and 81 mg. per cent ona 
subsequent occasion; blood urea nitrogen, 14 mg. per cent; fasting blood sugar, 83 mg. per cent; 
alkaline phosphatase, 16.6 S-J-R units; total serum lipids, 373 mg. per cent; and the serum carotene 
level was 360 gamma per cent. 


A roentgenogram of the chest revealed cardiomegaly and bilateral chronic pulmonary fibrosis, 
with resolving acute congestion (Fig. 1). Fluoroscopic examination showed increased pulmonary 


Fig. 1.—Chest x-rays from 1952 to 1957, demonstrating progressive cardiomegaly and 
pulmonary congestion. 
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vascularity and cardiomegaly involving the left atrium and the right and left ventricles. There 
was no evidence of pericardial or valvular calcification, and cardiac pulsations appeared to be only 
minimally impaired. The tuberculin, histoplasmin, blastomycin, and coccidioidomycin skin tes‘s 
were negative. Pulmonary function studies were entirely normal, except for a slight decrease in 
timed vitalometry. There was no arterial desaturation on exercise. 


2 


March 20, 1957 


“Ae March 13, 1957 


Fig. 2.—A,” B,C," Electrocardiograms demonstrating varying intraventricular conduction defects. 
D, Right heart catheterization demonstrating pulmonary hypertension with increased pulmonary 
capillary pressure and elevated end-diastolic pressure in the right ventricle. There was no evidence 


of a shunt. 


Electrocardiograms (Fig. 2) showed frequent multifocal premature contractions and a varying 
intraventricular conduction defect, principally a left bundle branch block, and on one occasion a 
right bundle branch block. Microscopic examination of two bone marrow aspirations reveale 
a mild hypocellularity. The eosinophils were increased and composed 7.5 per cent of the nucleated 
cells present. The erythroid maturation was normal. Plasmacytes were increased (3 per cent) 
and occurred in small clusters. The abnormalities seen in these marrow aspirates were considered 
to be nondiagnostic in nature. The serum iron was 65 micrograms per cent, with a total iron 
binding capacity of 395 micrograms per cent. Studies for circulating hemolysins were negative. 
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Fig. 3.—Electrocardiogram of May 7, 1957, demonstrating acute ischemia. 


Fig. 4.— Microscopic section of lung (Xx 400). 
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The red cell survival time, using the technique of chromium-51 labeling of the patient's red cel’, 
revealed a half-life of 26 days (normal). Total blood volume was 81.7 ml. per kilogram of boc y 
weight (normal, 60 to 80 ml. per kilogram). 

On admission and throughout the hospital course the patient was essentially asymptomai ic 
and was given no specific therapy. Venous pressure in the right arm was 70 mm. of saline, and tiie 
arm-to-tongue circulation time with sodium Decholin was 22 seconds. A right heart catheteriz.- 
tion was performed and revealed pulmonary arterial hypertension with an associated elevation of 
the pulmonary capillary pressure and an elevated end-diastolic pressure in the right ventricle 
(Fig. 2). 


Fig. 5.—A. (For legend see opposite page.) 


Although a quantitative fat excretion study was borderline, the patient continued to have 
frequent, foamy, yellow stools. He was given a low-fat diet and there was a symptomatic improve- 
ment, with a decrease in the daily number of stools. An x-ray series on the small bowel showed 
marked clumping of the barium meal, and on fluoroscopic observation there was unequivocal 
evidence of disordered motility. A jejunal biopsy obtained by the Crosby capsule technique® 
revealed abnormally short, blunt villi and marked infiltration of the lamina propria by plasma cells. 
The oral glucose tolerance curve was flat, with a maximum rise to only 126 mg. per cent at 30 
minutes. 

On May 5, 1957, the patient made a lengthy journey from Washington, D. C., to his home in 
West Virginia, and on his return that same evening complained of marked fatigue but no other 
symptoms. An electrocardiogram on the morning of May 6 was unchanged. That evening, while 
taking a shower, he complained of severe chest pain which lasted approximately 30 minutes, and 
which was followed by substernal aching. The electrocardiogram subsequent to this showed 
changes of acute ischemia (Fig. 3). Despite the administration of oxygen and morphine, the 
patient’s clinical condition deteriorated rapidly. Acute pulmonary edema and systemic hypoter- 
sion developed and did not respond to the usual therapeutic measures, including digitalization an’ 
a continuous vasopressor infusion. He became comatose, and died on the evening of May 7, 1957. 
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Fig. 5.—A, Cross sections of the heart illustrating the cardiomegaly, dilatation, and marked chronic 
scarring. B, Section of the left atrium (X110) showing acute muscular degeneration and inflammatory 
infiltrate. C, Section of the left ventricle 110). 

(.. and_B are reduced 1/6.) 


The changes are similar to those seen in the atrium. 
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Postmortem Examination.—At autopsy, the air passages from bronchi to mouth were filled 
with a frothy, blood-tinged fluid. There was a nonspecific reactive hyperplasia of the lymph 
nodes in the mesentery and mediastinum. The right pleural cavity contained 150 c.c., and the 
left pleural cavity, 100 c.c., of serous fluid. Many loose pleural adhesions were seen over both 
pleural surfaces, especially over the right diaphragm and in the interlobar fissures. There was 15 
c.c. of opalescent yellow fluid in the pericardium, and one recent adhesion over the apex of the l«ft 
ventricle. 

Lungs: ‘The right lung weighed 1,025 grams, and the left lung, 1,040 grams. On section, 
the lungs showed severe congestion and edema, a diffuse mild increase in consistency, and were 
rusty in color. Microscopically, there was severe congestion, edema, hemosiderosis, and inter- 
stitial fibrosis. There was a superimposed hypostatic pneumonitis with neutrophilic and mono- 
nuclear infiltration in the alveoli and alveolar septa. The pulmonary vasculature revealed a mild 
adventitial thickening, with occasional fragmentation of elastic laminae in the small veins and 
venules. There was no significant bronchitis (Fig. 4). 

Heart: The heart weighed 525 grams. The epicardium over the left ventricle was edematous 
with many small red discolored areas. The coronary arteries were patent throughout and showed 
only minimal atherosclerosis. The right ventricle and the left atrium were dilated and their walls 
measured 1.5 times the usual thickness. The left ventricle was markedly dilated, but its muscular 
wall was not measurably thickened. On section, the entire myocardium of the left ventricle, 
ventricular septum, adjacent portion of right ventricle, and left atrium contained many white 
fibrous streaks, small reddish areas, and hyaline scarring. This gross scarring was most marked 
in the subendocardial areas, and the endocardium was mildly thickened. The valves were normal. 
Microscopically, there was a widespread acute degeneration of muscle fibers, with a heavy in- 
flammatory infiltrate containing numerous neutrophils. This was superimposed upon a chronic 
process of fine fibrous scarring and compensatory hyperplasia of myocardial fibers (Fig. 5). 

The aorta showed minimal atherosclerotic changes. On microscopic examination, there was 
slight cystic medial degeneration. 

The spleen weighed 125 grams and showed mild reactive hyperplasia. 

The esophagus contained several areas of ectopic gastric mucosa. A section through the lower 
esophagus and proximal stomach showed necrosis, scarring, and severe acute inflammation of the 
muscular coats. Sections through other areas of the stomach were not obtained, but the stomach 
appeared unremarkable grossly. The jejunum was thickened and heavier than normal. The 
circular folds of the jejunum were unusually prominent. On microscopic examination, the in- 
testinal villi were abnormally short and clubbed. There was marked round-cell infiltration of the 
lamina propria, and deposits of hemofuscin pigment in the cells of the circular and longitudinal 
muscular coats. There was a striking, patchy, acute inflammation of the muscularis mucosa and 
adjacent submucosa. The ileum, large bowel, liver, gall bladder, and pancreas were not remarkable. 
An incidental cross section of the splenic artery revealed focal, mild, cystic medial degeneration, 
with an acute inflammatory infiltrate around the vasa vasorum. 

Grossly, the genitourinary tract was not remarkable. Microscopic examination of the bladder 
revealed a severe, acute, phlegmonous inflammation of the smooth muscular coat (Fig. 6). 


No causative agents could be identified with special staining of the sections from the myo- 
cardium, bladder, or jejunum. Bacterial and fungal cultures of heart blood and pericardial fluid 
were negative. Attempts to isolate a virus from tissue sections of the lung, liver, and splecn 


were unsuccessful. 


DISCUSSION 
Almost every infectious disease has been shown to produce either primary 
or secondary myocardial involvement.*-"" Recently, there have been numerous 
reports of myocarditis either alone or with concomitant involvement of the 
central nervous system (encephalomyocarditis).!?-! 
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Fig. 6.—A, Section of the jejunum (X110). There is extensive round-cell inflammation of mucosa 
aid submucosa. B, Section of bladder (X110). Note the extensive acuts inflammation and necrosis. 
(teduced 1/6.) 
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Although simultaneous involvement of cardiac and smooth muscle is rar:, 
concomitant involvement of cardiac and skeletal muscle is not uncommo:. 
Chagas’ disease (Trypanosoma cruzi infestation) is characterized by involveme::t 
of skeletal muscle, heart muscle, and the central nervous system. Myocardi.| 
necrosis with secondary inflammatory reaction has been reported in association 
with myasthenia gravis, and was present in 50 per cent of a series reported by 
Mendelow and Genkins.?® Hyperthyroidism can result in both acute and chronic 
toxic myopathies, and there may be extensive involvement of heart muscle. 
Terplan” recorded the case of a young woman with thyrotoxicosis and malignant 
exophthalmos in whom a fatal, subacute, diffuse, myocarditis developed, with as- 
sociated generalized involvement of skeletal muscle which was most severe in the 
extraocular muscles. The occurrence of cardiovascular complications in patients 
suffering from muscular dystrophy is frequent. Many of these patients may 
present initially with cardiovascular problems, complaining of dyspnea and 
fatigability, and frequently with arrhythmias and/or electrocardiographic evi- 
dence of conduction defects.*!-* We have seen two such cases in this hospital 
recently. Bevans™* reported four cases of progressive muscular dystrophy with 
cardiovascular and gastrointestinal complaints. On autopsy examination, there 
was involvement of the musculature of the heart and involvement of the smooth 
muscle of the gastrointestinal tract in all four cases. The histologic changes in the 
smooth muscle of the gastrointestinal tract were disarrangement, edema, frag- 
mentation, and atrophy of the muscle fibers with minimal scarring. There was no 
cellular reaction or infiltration. No smooth muscle other than that of the gastro- 
intestinal tract was involved. The changes in the skeletal muscle were diagnostic 
of progressive muscular dystrophy. 

It is conceivable that intestinal dysfunction with malabsorption, if severe 
enough, could produce myocardial disorders either from secondary avitaminosis 
or malnutrition.” Clinically, our patient did not have a sufficiently severe in- 
testinal disorder to consider this as the cause of his myocarditis, and the pathologic 
features could not be explained on this.basis. It is reasonable to assume that 
the disorder of intestinal absorption was the result rather than the cause of the 
pathology found in the intestinal muscle and mucosa. Further clinical studies of 
the intestinal disorder were in progress at the time of death. 

The cause of the anemia in 1952, is not obvious either from the review of the 
data in hospital records or the findings at autopsy. One could well postulate 
that the initial episode in 1952, represented a hemolytic episode secondary to an 
acute viral infection. This is known to occur.2* The hematological findings were 
consistent with sudden hemolysis. The subsequent persistent mild anemia may 
have developed in conjunction with residual intestinal malfunction secondary to 
intestinal lesions. It was clinically consistent with an iron-deficiency anemia. 
Intestinal malabsorption may have lowered the serum iron sufficiently to produce 
a mild iron-deficiency anemia. The low serum iron values, together with the 
otherwise normal findings obtained during his terminal hospitalization, would 
be in agreement with this explanation. 

The serial electrocardiograms were helpful in directing attention to the 
probability of an active myocarditis. The first tracing showed a ventricula’ 
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conduction defect with characteristics of a left bundle branch block, and this 
remained the dominant conduction abnormality throughout his illness. Serial 
tracings, however, demonstrated a changing pattern of the conduction defect, 
with ectopic ventricular beats, and, on occasion, the electrocardiographic features 
of a right bundle branch block. This instability in the electrocardiogram was con- 
sidered diagnostic of a continuing active process, and its diffuse nature suggested 
widespread active myocardial lesions involving both the interventricular septum 
and the ventricular musculature. The presence of cardiomegaly in a young man 
without congenital or valvular heart disease, associated with clinical and hemo- 
dynamic evidence of myocardial insufficiency and electrocardiographic evidence of 
a changing conduction defect, indicates primary myocardial disease.?’ 

All studies performed with the hope of identifying an infectious eticlogy were 
unrewarding. Viral cultures were attempted on postmortem tissue and were 
likewise unrewarding. The histologic appearance, particularly in the heart, was 
not dissimilar from that seen in proved viral myocarditis. Kibrick and Benirschke** 
described the pathologic findings in a newborn child who died of acute aseptic 
myocarditis due to Coxsackie virus, Group B, Type 3. On postmortem examina- 
tion, the heart showed a diffuse myocarditis with an infiltrate consisting chiefly 
of polymorphoneutrophils, macrophages, and occasional lymphocytes, with 
numerous eosinophils, similar to the findings in this patient. While the etiology 
of this case is obscure, the possibility of a viral infection with an affinity for the 
heart and for smooth muscle remains a distinct consideration. 


SUMMARY 


The clinical and histologic features in a case of acute and healing myocarditis 
associated with involvement of the smooth muscle of the small intestine and the 
urinary bladder, a hemolytic anemia, and clinical features of an intestinal mal- 
absorption have been presented and discussed. To our knowledge, no similar case 
has been reported in the literature. The etiological factor could not be demon- 
strated in this patient. The possibility of a viral infection has been considered. 
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Congenital Absence of the Aortic Arch 


Guillermo C. Celoria, M.D., and Roy B. Patton, M.D., Boston, Mass. 


Absence of the arch of the aorta is a rare anomaly. A careful search of the 
literature has revealed only 28 cases of this defect which have been observed 
and recorded since 1810 (Table I). The purpose of this report is to present an- 
other case of this anomaly and to discuss its pathogenesis. 


CASE REPORT 


The patient, a Chinese male infant, was delivered at the Massachusetts Memorial Hospitals 
on Aug. 27, 1958, and weighed 2,984 grams at birth. The pregnancy and delivery were unevent- 
ful. There was no history of infection in the mother during the pregnancy. Physical exami- 
nation at birth revealed a respiratory rate of 80 and pulse rate of 160 per minute. No other 
abnormality was noted. There was no cyanosis. On the day after delivery a chest x-ray film 
was obtained because of continuing rapid pulse and respirations. The film showed gross en- 
largement of the heart, and the possibility of a congenital defect was suggested. The infant 
was kept in oxygen, and on the second hospital day a systolic murmur of varying intensity was 
heard in the second left intercostal space. Femoral pulses were strong. The infant’s condition 
remained much the same, but because of evidence of cardiac disease the patient was digitalized 
on the ninth day. The electrocardiogram was indicative of left ventricular hypertrophy. On 
the eleventh day cyanosis was first noted. On the twelfth day respirations were more labored, 
cyanosis more marked, and the infant expired. The systolic murmur was more easily heard 
terminally. The final clinical diagnosis was congenital heart disease with congestive heart failure. 

The mother of this patient was born in China, and came to this country at the age of 26. 
The father is a Chinese, born in the United States. There was no history of congenital heart 
disease in either parent’s family. Previous to this last pregnancy the mother had borne three 
children. The first two, a girl now 8 years old and a boy of 4, are normal. The third pregnancy 
ended at full term with the birth of a grossly malformed male who died in the seventh day of 
life and was diagnosed as an anencephalic monster. No autopsy was performed. 

Autopsy in the present case was performed on the body of the male infant weighing 2,900 
grams and measuring 52 cm. in length. There was slight cyanosis of the lips, ears, and nail beds. 
No gross abnormality was noted externally. Significant findings were limited to the thorax. 
The heart weighed 30 grams (normal, 17 grams). The pulmonary artery was dilated and from 
it arose the main branches to the lungs. The ductus arteriosus measured 0.6 cm. in diameter 
and was widely patent. This vessel resembled the aortic arch, since it continued as the descend- 
ing aorta (Fig. 1). The left common carotid and left subclavian arteries arose from the region 
of union of the ductus arteriosus and descending aorta. An artery arose from the heart in the 
position of the aorta, passed behind the pulmonary artery, and continued upward as the innomi- 
nate artery (Fig. 1). This divided into the right subclavian and right common carotid arteries. 
There was no communication, via a vessel or fibrous band, between this artery, which arose from 
the heart in the position of the aorta, and the descending aorta. 


From the Department of Pathology, Massachusetts Memorial Hospitals, Boston, Mass. 
Received for publication April 3, 1959. 
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The opened heart revealed a dilated right atrium. The foramen ovale was patent, but ihe 
interauricular septum was normally formed. The right ventricle was dilated, primarily due to 
enlargement of the pulmonary conus. An interventricular communication was present in ‘he 
membranous portion of the septum (Fig. 2). This defect measured 0.4 cm. in diameter. ‘jhe 
left atrium was slightly enlarged. The left ventricle was enlarged, but it was smaller than ‘he 
right ventricle. The aorta was of small caliber as it arose from the left ventricle. It continued 


Fig. 1.—Photograph showing the pulmonary artery arising from the right ventricle and continuing 
* via the ductus arteriosus with the descending aorta. The ascending aorta runs upward, behind, and to 
the right of the pulmonary artery. 
Fig. 2.—Photograph of the interior of the right ventricle showing the septal defect. 
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Fig. 3.—Type A defect of the aortic arch. 
Fig. 4.—Type B defect of the aortic arch. 
Fig. 5.—Type C defect of the aortic arch. 
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as the innominate artery described above. The tricuspid and mitral valves showed on the atr/al 
aspect near the free margin several dark nodules less than 0.1 cm. in diameter. These proved 
microscopically to be angiectatic capillaries. Pulmonary and aortic valves were normal. The 
coronary arteries arose from the sinuses of Valsalva in normal position. 

Microscopically, the heart showed moderate to marked fibrosis of the subendocardium. 
The lungs were markedly congested and the abdominal viscera moderately congested. The 
thymus was not identified either grossly or microscopically. 


DISCUSSION 


Abbott,* in 1927, described two types of absence of the aortic arch. They 
were (A) absence of the arch distal to the origin of the left subclavian artery 
(Fig. 3), and (B) absence of the arch distal to the origin of the left common carotid 
artery (Fig. 4). In both types the ductus arteriosus is patent and continues as 
the descending aorta. No communication is present between the ascending and 
descending aortas. In our case the interruption was between the innominate 
artery and left common carotid artery (Fig. 5). The latter artery and the left 
subclavian artery arose near the point of union of the wide ductus arteriosus 
and the descending aorta. A similar defective pattern of formation of the aortic 
arch has been reported only once previously, by Weisman.'® Cases of defective 
formation of the aortic arch similar to all three types described above were re- 
ported by Potter.'"* These were autopsy cases, but individual examples were 
not described and they cannot be included in Table I. 

Because of clear-cut differences in location of the absence of the aortic arch 
in regard to the origin of the great arteries, we now classify this defect into three 
types. These are referred to as Types A, B, and C in Table I and are illustrated 
in Figs. 3, 4, and 5. 

Pathogenesis—From a structural standpoint, Type A deformity appears 
to result from a regression or atrophy of the segment of the aortic arch between 
the ductus arteriosus and the left subclavian artery after the seventh week of 
embryonic life (Fig. 6). Thus, this type is comparable to a juvenile type of 
coarctation of the aorta. This idea is supported by reports that the affected 
segment of the aortic arch may be coarcted, atretic, represented by a fibrous 
band, or completely absent (Abbott, Letterer?). Type B appears to represent 
a failure of formation of the left fourth arch, since the left subclavian remains 
with the decending aorta (Fig. 6). Bilateral failure of formation of the fourth 
arch results also in origin of the right subclavian artery from the right pulmonary 
artery. The dorsal portion of the right sixth arch persists in the absence of the 
fourth arch and provides this connection. Combined anomalies of this type are 
described by Volbeding (Letterer*?), Evans,’ and Barger.“ 

In Type C the pathogenesis is less clear, but two mechanisms can be sug- 
gested (Fig. 7): a partial or complete failure of formation of the left third and 
fourth arches and persistence of the segment of the dorsal aorta between these 
arches as the left common carotid artery, or a failure of connection of the out- 
growth from the aortic sac with the third and fourth arches and fusion of these 
two arches to form the left common carotid artery. 

The explanations given above are incomplete, in that they take into accoun: 
only a part of the defects observed in these cases. A physiopathologic abnor- 
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mality that could be responsible for all types of this defect is presented below. 
The nearly constant finding of an interventricular or interauricular septal defect 
in these cases (Table I) leads us to suspect that abnormal hemodynamics in the 
embryo result in the definitive defect. We suggest that the primary abnor- 
mality is an interventricular or interauricular communication with a shunt that 
results in relatively little blood flowing out through the aorta. Without the 
stimulus of sufficient pressure in it the aortic arch fails to form, or regresses if 
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Fig. 6.—A schematic representation of the great arteries arising from the heart in the fetus. The 
primitive aortic arches are indicated from which these arteries are derived. Also indicated are the sites 
of Sypes A and B defect. 

Fig. 7.—The site of the Type C defect is indicated. 
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it does form, and the channels in which the pressure has remained relatively high 
persist. Types A, B, and C of absence of the aortic arch represent progressively 
more severe degrees of the primary abnormality or result from the effects of the 
abnormal hemodynamics being exerted at different times in the development of 
the embryo. The finding of aortic stenosis or hypoplasia of the ascending aorta 
in many cases supports the explanation given above. 

This anomaly is incompatible with extrauterine life unless a shunt from the 
left to the right side of the heart is present to provide oxygenated blood to the 
lower part of the body via the ductus arteriosus. As in juvenile coarctation of 
the aorta there is no collateral circulation developed in the fetus to bypass the 
defect, because in the fetus oxygenated blood is supplied from the right ventricle 
via the ductus. The clinical symptoms of clubbing and cyanosis of the fingers 
of the left hand and cyanosis of the feet in. Dorney’s case® were due to insufficient 
oxygenated blood being shunted from left to right. In the case reported by 
Merrill'® a Type A defect was successfully repaired in a 31-year-old girl. At 
operation, marked collateral circulation was noted. Her survival is explained 
by a left-to-right shunt through an interventricular septal defect which supplied 
sufficient oxygenated blood peripherally to maintain life. Meanwhile, the hy- 
poxic condition of the tissues had stimulated the formation of collateral channels. 
In most of the cases, however, survival has been of short duration, with death 
apparently due to an irreversible congestive heart failure. 


SUMMARY 


A case of an infant with absence of the aortic arch, of a variety recorded 
only once previously, is reported, with a review of the literature. A classification 
of three major types of this anomaly is presented, with a discussion and hemo- 
dynamic explanation of its pathogenesis. 
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From the Symposium on Social Cardiology, 


Brussels Congress of Cardiology, September, 1958 


Social and Psychological Problems in Patients With Chronic 
Cardiac Iliness 


Gunnar Biorck, M.D., Stockholm, Sweden 


In the event of chronic cardiac illness, patients, their families, and their 
physicians become confronted with several social and psychological problems. 
In the rural community of earlier years the family group often provided a shelter 
for the cardiac invalids, as well as for other handicapped persons. Although 
they certainly may have suffered from overwork and medical negligence, they 


‘belonged to a group with which they could identify themselves. If they were 


fortunate, a local family physician kept an eye on them, and knew them as per- 
sons. Today, with industrialization, urban life, disrupted primary groups, small 
families, and lack of personal contacts with neighbors, patients disabled by 
chronic cardiac disease may get much better medical care, in a technical sense, 
and also more economic help from social agencies, but his or her personal problems 
may be aggravated by loneliness and a feeling of uselessness in the vast fabric 
of modern society. 

In Malmé—a town of 200,000 inhabitants—we have been asking ourselves 
how our cardiac patients experience their personal situation, and what their 
real troubles are. In the last two years, Miss Trulsson, a social worker, and I 
have interviewed 223 cardiac patients in regard to their social and psychological 
difficulties. Of these patients, 85 had been hospitalized some years earlier for 
rheumatic valvular heart disease, and 85, likewise, for cardiac infarction. Fifty- 
three patients were regarded as having ‘‘neurocirculatory asthenia,” and of 
those, all but 4 were ambulatory. Naturally, the composition of these groups 
differed considerably with regard to age and sex. The group of patients with 
rheumatic heart disease consisted of 23 men and 62 women, of whom 23 were 
operated on for mitral stenosis. The age distribution corresponded fairly weil 
with that of the total material of patients with rheumatic valvular disease in the 
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hospital, showing a maximum at ages 40-49 years. The group of patients with 
cardiac infarction consisted of 54 men and 31 women, with an age distribution 
slightly younger than that of the total material of patients with infarction in 
the hospital, and with a maximum at ages around 60 years. The group of pa- 
tients with neurocirculatory asthenia consisted of 24 men and 29 women, with a 
maximum at ages 20-30 years. There were.no difficulties in contacting the pa- 
tients; on the contrary, they seemed to appreciate the interest shown in their 
personal problems, and several patients, particularly among those with rheumatic 
heart disease, spontaneously returned for further discussions. 

When comparing the situations of the patients studied with the over-all 
picture of the population of Malmé, we found that there were no remarkable 
differences in regard to size of family and housing standards. Rather did it ap- 
pear as though the housing standard of the patients with rheumatic heart disease 
or a previous myocardial infarction was somewhat above average. Generally, 
complaints about bad economy were few, although several patients in the group 
with rheumatic heart disease have had to apply for assistance from the social 
agencies of the community. As to the patients with infarction, many of them 
are retired and have their old age pension. 

The problem of organized rehabilitation and vocational training has been 
remarkably small. To a certain extent this is, of course, a consequence of an 
economy in which ‘full employment” has been a dominant feature. It is also 
clear that, in the groups we have studied, middle-aged men make up only a 
minor fraction of the total, and this is the group in which employment problems 
seem to be most important. In most cases, however, a suitable post has been 
found in the factory, office, etc., where the patient was already employed. The 
official employment agencies were used less often and apparently with less success 
than was the private initiative of the patients themselves. Many patients ap- 
parently prefer to continue in their former job, even when this is physically more 
demanding, than to try another job with which they are less familiar and in 
which conflicts with fellow-workers may arise. In the group of patients with 
infarction the great majority returned to their previous occupation, and the rest 
either tried a less heavy job or preferred to retire. In the group of patients with 
neurocirculatory asthenia there was considerable maladaptation to the patients’ 
working conditions, but few real social or economic difficulties. When our study 
began, we were asking ourselves whether the cardiological service had been 
inadequate with respect to organized rehabilitation activities. On the basis of 
the information we now have, it appears as though the existing general social 
and employment facilities were reasonably adequate also for the needs of the 
cardiac patients. Obviously, this situation may change in case of a contracting 
economic situation, or if the existing social security system becomes insufficient. 

During our interviews with the patients it became increasingly evident that 
many of them presented psychological problems of which their physicians were 
hardly aware. 

In patients with neurocirculatory asthenia, such problems are obvious and 


are responsible for a larger part of the symptomatology. In many of our patients 
in this group, there was a massive family history of mental disorders and personal 
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maladjustment, broken homes, and alcoholism. The lack of emotional stabili:y 
during the early years of life throws its shadow also on future life experiences: 
marital maladjustment seems to be very common, and this certainly contributes 
to the continuation of symptoms from the heart and circulation. The root of 
these symptoms is anxiety and a feeling of insecurity in the basic aspects of life. 
It was also apparent in a number of these patients that other members of the 
family, the parents in particular, had had symptoms of ‘‘heart disease,” and this 
may have been of importance in the development of heart symptoms in our pa- 
tients. Most of these patients were aware of a psychological component in their 
disease, but they were unwilling to seek the advice of psychiatrists, and many 
felt that they did not benefit from knowing about the “psychogenesis’’ of 
their troubles, as long as they still were having their troubles. However, 
reassurance—sometimes repeated over and over again—as to the innocence of 
the symptoms with regard to life expectancy probably was helpful to quite a few 
patients. 

In patients with rheumatic valvular heart disease, and especially in those 
with mitral stenosis, the psychological situation is different. It has appeared to 
me that these patients are generally a very courageous type of people, who want 
to fight against their increasing disability, and who are ready to accept almost 
any risk, both as regards childbirth and cardiac surgery. Likewise, they want 
to contribute to the support of the family, or to help in the housekeeping, even 
to the point of obvious overexertion in order to keep up their “‘self-respect’’ as 
useful members of the society. A similar attitude was true of many of our male 
patients with infarction, who were striving and ambitious people, many of 
whom had taken on extra duties in order to improve the family economy. It 
was striking to find to what extent personal experiences from periods of unem- 
ployment in the depression years of the nineteen-thirties did still color with in- 
security and anxiety their attitude toward work. 

The attitudes toward hospitalization were somewhat different in the patients 
with rheumatic heart disease from those in the patients with myocardial infarc- 
tion. The patients with infarction seemed to accept hospitalization with fewer 
complaints than did those with rheumatic heart disease. In both groups, how- 
ever, the two most common complaints were: lack of sufficient rest in the wards, 
and lack of adequate information about their condition from the responsible 
physician, who generally appeared to have ‘‘too little time’’ to speak to the pa- 
tients. Because of this fact—or perhaps it is an erroneous concept ?—patients 
refrain from telling the doctors about their troubles and worries. Some of 
this information goes instead to nurses or social workers. I am _ personally 
afraid of this apparent tendency in the modern hospital, whereby the doctor 
becomes more and more of a technician, and the human relations with the patient 
and his family are delegated to other categories of personnel. It was interesting 
to note that only 3 out of 23 patients who had been operated on for mitral ste- 
nosis did consider that particular hospitalization as especially difficult. Instead, 
most of them felt that the constant interest and support from doctors and other 
personnel was of great help in relieving them of their anxiety and perhaps also i 
helping them to feel ‘‘important.” 
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After discharge from the hospital, many patients have faced a trying and 
difficult period of convalescence. During the last days in the hospital the patient 
is often one of the healthiest on the ward, which fact gives him confidence. How- 
ever, when the first satisfaction of his return home has passed, not only for himself 
but sometimes also for his relatives, who may have found it easier to have him 
lodged in the hospital, he realizes the limitation of his working capacity and the 
restrictions which he now has to observe. Time gets long, and feelings of loneli- 
ness, and even of desertedness, may present themselves. Often there is con- 
siderable confusion as to what the patient is allowed to do. Unnecessary re- 
strictions seem to be common, either as the result of misinterpretation of the 
physician’s advice or as an expression of overprotection by anxious members of 
the family. In regard to our female patients, it appeared to us that already 
during their hospital stay it would be advisable for them to receive practical 
advice from occupational therapists. Such special kitchens as have been con- 
structed by rehabilitation experts would sometimes be desirable, but in the pre- 
vailing housing situation this seems to be beyond what is feasible to hope for 
in other than exceptional cases. Another important problem in convalescence 
and, even more so, in cases of chronic disability is the lack of contact with friends 
and neighbors—sometimes also with the children. The intervals between visits 
become stretched and, finally, the contact ceases entirely. The recommendations 
of the Social Committee of the International Cardiological Society in 1956, to 
encourage “‘leagues of heart help,” is probably a wise one. 

At a certain point, the question of admitting a cardiac invalid to a home for 
the chronically ill may present itself. One has to weigh against each other the 
interests of the family and those of the patient, and in the matter of the patient, 
also to balance the adequacy of the care against the disruption of the psycho- 
logical situation. In our study, the younger patients with rheumatic heart disease 
appeared to accept the transfer more readily than the older patients with in- 
farction, who felt that they were deserted. The numbers, however, are so few 
that they do not permit any generalizations. 

As a general conclusion of this study one may be allowed to state that we 
found more unsolved problems within the psychological sphere of our cardiac 
patients than within the economic and social sphere. The psychological dif- 
ficulties in the course of a chronic illness cannot be easily removed, but if a little 
more attention were paid to them by the physicians, and if the patients and their 
families could get a little more information, support, and detailed practical 
advice, both during the hospital stay and relevant to the discharge home, un-- 
necessary anxiety might be relieved and unnecessary deterioration might be post- 
poned. Physicians should be careful of their own attitudes, from the time of the 
first contact with the patient, in taking the history and in making the physical 
and other examinations, because this first contact will to a great extent de- 
termine the future interrelationship between the patient and his physicians. 
An optimistic attitude is essential, as already stressed by Sir Thomas Lewis. 
In dealing with cardiac patients, much may be learned by listening to their 
heart with the stethoscope, but it may be even more important to listen to the 
patient himself, without a stethoscope. 
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The Cardiac Patient in Underdeveloped Countries 


S. Padmavati, M.R.C.P. (Lond.), F.R.C.P. (Edin.),* New Delhi, India 


DATA AVAILABLE 


The data obtainable at the present time on the incidence of, and mortality 
and morbidity from, heart disease in underdeveloped countries is not impressive. 
The little information available is derived mostly from hospital statistics and is 
not altogether representative. Countries in the Far East from which such data 
are available are Japan, the Philippines, India, Ceylon, and Pakistan. On the 
African continent, except for South Africa, Egypt, and parts of Uganda, nothing 
much is known. Some facts and figures are obtainable from Mexico and parts of 
South America. The data from Ceylon is about 20 years old, while in the other 
countries the period covered is that following World War II. 

I shall confine my remarks to conditions obtaining in India, about which I 
have firsthand knowledge. A survey of the available statistics in India on this 
subject seems indicated here because these have a direct bearing on the socio- 
economic aspects of the disease. 

Sources of Data.—Figures regarding heart disease in India fall into three 
categories: (1) Those obtained from hospital statistics in some of the 16 states 
of which the Indian Union is composed. (2) Those obtained as a result of survey 
of distinct population groups. This type of study is now proceeding in many 
states, and reliable information will probably be available in another 2 to 3 years. 
(3) Those obtained from medical insurance agencies covering distinct social 
groups, such as the Employees State Insurance Scheme. Only a beginning has 
been made in this direction because such insurance schemes have just begun 
to function. 

The source tapped in many other countries, viz., the records of the Registrar 
General of Births and Deaths, is not an accurate source of information in India 
regarding heart disease. The diagnosis given in many of the cases is vague and 
unreliable. 

Mortality From Heart Disease——According to hospital statistics in Delhi, 
deaths from heart disease formed 7.7 per cent of all medical causes of death! and 
3 per cent of all causes of death. This covered all age groups. In Western coun- 
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causes of death.?* 
any of the states. 

Morbidity From Heart Disease-——Table I shows the approximate figures for 
the incidence of heart disease in India. The figures obtained in the various social 
groups (rural, industrial, and high-income) are reliable, because they have been 
It has been estimated that in the northern part of the 
U.S.A. about 2 per cent of the general population suffer from heart disease.? 
The figures for India are probably higher, although hospital statistics indicate 
a lower figure. 

Types of Heart Disease——Information as to the types of heart disease was 
obtained from hospital admissions and group surveys. Table II gives the data 
according to hospital figures from five of the large Indian cities. Rheumatic 
heart disease tops the list in all of the five cities (about 40 per cent of all cases). 
Chronic cor pulmonale accounts for 10 to 20 per cent of all cases, and its incidence 
is highest in northern India. Barring industrial areas, this incidence is the highest 
reported in the world. The incidence of both hypertension and atherosclerosis 
is considerably lower than in Western countries (Table IV). Whereas 30 years 
ago rheumatic heart disease occurred with the same frequency in New England, 
the incidence of both atherosclerosis and hypertension is much higher for New 
England, both 30 years ago and now. Cardiovascular syphilis is variable in 
incidence in the different cities and has the highest incidence reported from 


carefully worked out. 


Bombay. 
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tries, diseases of the heart and circulation account for nearly 50 per cent of all 
No accurate data are obtainable from any other source in 


TABLE I. INCIDENCE OF HEART DISEASE IN THE GENERAL POPULATION OF INDIA 
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PERCENTAGE OF 


HEART DISEASE 


Hospital figures—Delhi (1950-55) 
Annual report of Employees State Insurance Scheme, 1957-58 (from 11 states) 
Rural survey (648 people) 
Industrial group (484 people) 
High-income groups (224 people) 


TABLE II. INCIDENCE OF HEART DISEASE IN 5 INDIAN CITIES (PERCENTAGES) 


TYPE OF HEART 
DISEASE 


LUCKNOW® 
(1953) 
1,000 CASES 


Congenital 
heumatic 

Cor Pulmonale 

Sy philitic 

H- pertensive 


Coronary 
Miscellaneous 
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SOURCE 
1.7 
0.2-2.5 
3.67 
1 
2.9 
DELHI! AMRITSAR‘ MADRAS® BOMBAY? 
(1951-1955) (1953) (1946) (1949) 
2,360 casEs | 500 CAsEs 616 casEs | 1,860 CASES 
1 
24.8 
10.00 
33.2 
18.1 
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The average expectation of life according to the 1951 census in India is 32 
years, as against 66 to 70 years in Western countries. This may account partly 


for the different patterns of heart disease in India, since many people die young, 
before the age when hypertension and atherosclerosis usually become manifest. 

The figures for India resemble those of Mexico and the Philippines, in so far 
as rheumatic heart disease is concerned. Hypertension is more frequent and 
atherosclerosis less common in Delhi than in those two countries (Table II]). 

Table V shows data obtained regarding incidence in various population 
groups. Degenerative heart disease and hypertension seem most frequent in 
the high-income groups, while rheumatic fever and cor pulmonale are more 
prevalent in the poor population, as in other countries. This type of study is 
bound to throw more light on types of heart disease in various social groups in 


the future. 


TABLE III. 


(PERCENTAGE OF ALL CarprAc CASEs) 


HEART DISEASE IN UNDERDEVELOPED COUNTRIES 


ETIOLOGICAL TYPES 


DELHI! (1951-55) 
2,360 CASES 


MEXICO® (1942) 
2,400 CASES 


PHILIPPINES"”® (1953) 
4,304 CASES 


Rheumatic 39.1 41.0 
Hypertensive 21.1 13.6 
Arteriosclerotic 11.3 28.3 
Congenital 4.8 1.8 
Subacute Bacterial Endocarditis 0.6 a 
Cor Pulmonale 16.6 
Syphilitic 0.7 
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TABLE IV. Types or HEART DISEASE IN DELHI AND NEw ENGLAND 


(Per Cent oF ALL Carpiac Cases) 


TYPE OF HEART DISEASE 


DELHI! NEW ENGLAND® 
(1951-1955) (1928) 


NEW ENGLAND® 
(1951) 


Congenital 
Rheumatic 


Subacute Bacterial Endocarditis 


Cardiovascular Syphilis 
Hypertensive 

Cor Pulmonale 
Coronary 
Miscellaneous 


4.8 1.5 
39.1 39.5 
0.6 1.9 
0.7 3.9 
21.1 29.2 
16.6 0.9 
11.3 35.7 
5.8 2.1 
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TABLE V. 


INCIDENCE OF HEART DISEASE (PERCENTAGE) IN VARIOUS SocIAL Groups (DELH!) 


SOCIAL GROUP 


CONGENITAL 


Rural (648) 
Industrial workers (484) 
High-income group (224) 


0.7 1.1 1.4 0.17 0.3 
Nil Nil 1 Nil Nil 
Nil Nil Nil 2.5 4 
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DISABILITY FROM HEART DISEASE 


Rheumatic Heart Disease—Since rheumatic heart disease is the most com- 
mon form of heart disease, it will be dealt with first. 

Children: The age incidence of rheumatic heart disease as seen at the Cardiac 
Clinic of the Lady Hardinge Hospital is shown in Table VI. The highest inci- 
dence was in the age group 20 to 30 years. I think the reason for this is that 
children do not seek treatment in hospitals unless the disease is severe or until 
after the age of 20, when they present with a full-blown picture of rheumatic 
valvular lesions. It has been estimated in our clinic that 51.2 per cent of the 
cases give a history of rheumatic fever. In the rest the disease does not manifest 
itself in a florid form. Our incidence of positive throat cultures for Streptococcus 
hemolyticus in cases of rheumatic heart disease is only 13 per cent. Most of the 
children seen in the Clinic are very ill, usually with advanced cardiac involve- 
ment. They are kept in hospitals as long as possible, and then return home, 
where neither prophylaxis (sulfa or penicillin) nor bed rest are carried out. Con- 
valescent homes for these cases are unheard of. 


TABLE VI. INCIDENCE OF RHEUMATIC HEART DISEASE IN VARIOUS AGE GROUPS 
AGE GROUP (IN YEARS) NUMBER OF PERSONS PER CENT 
0-5 0.8 
6-10 20 4.0 
11-15 54 10.8 ee 
16-20 80 16.0 
21-25 126 25.2 
26-30 118 23.6 
31-35 45 9.0 ee 
36-40 34 6.8 ae 
41-45 12 2.4 
46-50 3 0.6 
50 and over 4 0.8 ae 


Women: Out of 500 patients with rheumatic heart disease in the Cardiac 
Clinic of the Lady Hardinge Hospital, 118 were pregnant women (23.6 per cent). 
Multiple pregnancies were the rule. Of these, 58 had had more than 3 children. 
Contraceptive advice was very often not taken. Many pregnant women were 
admitted with advanced congestive failure. In the 2-year period 1954-56, 
25 pregnant women with severe congestive failure were admitted, of whom 
3 died at delivery. I wonder whether one sees cases of such severity nowadays 
in Western hospitals. They bring to one’s mind descriptions of such cases at 
the Boston Lying-in Hospital in the early nineteenth century, as given in Ham- 
ilton and Thomson’s book, The Heart in Pregnancy and the Childbearing Age." 

Men: It is not uncommon to find men with advanced mitral valvular dis- 
ease working at such jobs as driving ‘‘tongas’’ (horse-carts) and buses until they 
have to stop working altogether. Very few of them seek advice until it is too 
late, and even then economic conditions and lack of social welfare agencies force 
them to go back to the same occupations until they become bedridden. 
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Cor Pulmonale.—The disability from cor pulmonale is very great. As stated 
earlier, cor pulmonale accounts for a large percentage of the cases of heart disease 
(10 to 20 per cent) in India. In a detailed study that was made at Delhi, it ws 
found that 25 per cent of the patients gave a short history (under 1 year) of 
respiratory symptoms. Men and women were equally affected. After the first 
attack of failure the duration of life was about 114 years, and repeated attacks 
of congestive failure were the rule. There was a slight preponderance of rural 
over urban cases. The cases that came to autopsy showed advanced emphy- 
sema and evidence of right ventricular hypertrophy. The view of the workers 
in Delhi at the present time is that the high incidence of cor pulmonale is due to 
the high rate of respiratory infections which go untreated because of a lack of 
medical facilities and extreme poverty. 


TABLE VII. INCIDENCE OF ATHEROSCLEROSIS, DIETARY FAT AND BLOoop CHOLESTEROL LEVELS IN 
DIFFERENT COUNTRIES 


INCIDENCE OF FAT INTAKE (PER BLOOD CHOLESTEROL 
COUNTRY ATHEROSCLEROSIS | CENT OF CALORIES LEVELS 
(PER CENT) FROM FATS) (MG. PER CENT) 


India (Delhi) 


Low socioeconomic group 0.3 24.1 169.4 + 6.6 
High socioeconomic group 4 32.8 228.4 = 4.2 
Ww socioeconomic group 4.7 169.5 = 4.0 
High socioeconomic group 2.00 30-35 190.0 
Cape Peninsula 
Bantu 0.5 17 166.3 + 4.1 
Cape Coloreds Low 25 204.1 + 4.9 
European High 35 234.0 + 4.9 
Spain 
Low socioeconomic group Low 24.3 218.48 = 9.8 
High socioeconomic group High 40 241.2 + 8.7 


U.S.A. (Boston) 20 40 225.0 + 3.6 
Sweden 237.2 + 7.0 


Japan 


Cardiovascular Syphilis Cardiovascular syphilis is not as much of a prob- 
lem as one would expect. The incidence was highest in Bombay according to 
the last report (1949) but was not so important in other states. Perhaps these 
patients die of some other disease before reaching the age when cardiovascular 
symptoms develop. 

Subacute Bacterial Endocarditis —The low incidence of this condition (0.2 
per cent) as compared to Western figures is difficult to account for, but is never- 
theless a fact. 

Hypertension —The lower incidence of hypertension as compared to that 
in Western countries has already been pointed out. A high percentage of hyper- 
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tension among women follows toxemia of pregnancy, which is extremely com- 
mon because of a lack of antenatal care. Post-toxemic hypertension accounted 
for as much as 35 per cent of the hypertensives in a series studied.! 

Ischemic Heart Disease——Table VII gives the incidence of ischemic heart 
disease in high- and low-income groups as compared to that in some other coun- 
tries for which statistics are available. The fat intake, blood cholesterol levels, 
and incidence of atherosclerosis are higher in the high-income groups, the proof 
of the atherosclerotic heart disease being electrocardiographic findings. Judging 
from the number of positive electrocardiograms, I believe that India has the 
lowest incidence of coronary artery disease in the world. Among women the 
majority of cases of degenerative heart disease present as congestive heart failure 
rather than as acute infarction. 


MEDICAL FACILITIES AVAILABLE 


The facilities available for general medical treatment will be dealt with, 
since there are really no special provisions made for cardiac patients. The govern- 
ment of India is committed to the ideal of a welfare state, and it is hoped that 
one day free medical aid will be available to all. At the present time the official 
estimate is an average of 1 doctor per 8,000 people. This, however, is an average 


figure for the whole of India and is not truly representative. Thus, in the state © 


of Delhi, out of 72 villages with a population of 64,000, according to the 1951 
census, there was 1 doctor per 32,000 people. In the city of Delhi, however, 
there is 1 doctor per 1,400 people, in addition to 101 Hakims and Vaids practicing 
antiquated systems of medicine. 

The number of internists is about 300 and the number of cardiologists is 
about 120 for a population of 357 million. Interest in cardiology in India may 
be said to have begun after World War II, and the Cardiological Society of India 
was formed in 1948. There are two chairs of cardiology in the country, and 
cardiac clinics are found only in big cities such as Bombay, Calcutta, Delhi, 
and Madras. Facilities for special investigations, e.g., cardiac catheterization, 
angiocardiography, etc., and some types of cardiac surgery exist only in these 
cities. Needless to say, the facilities are far from adequate. The cost of medical 
treatment is rising daily, although it is nowhere near what it is in the West. The 
cost of maintaining one hospital bed per year has been estimated to be 2,400 to 
3,500 rupees (500 to 700 dollars). 

Medical insurance of the voluntary type such as the Blue Cross or Blue 
Shield systems does not exist in India at the present time. There are only two 
larre insurance schemes in existence, both state-aided. The first, covering 
1,610,500 industrial workers in 11 cities, is the Employees State Insurance 
Scheme. The second, the Contributory Health Scheme for central government 
employees, covers 400,000 people. Besides these, medical charges incurred by 
government employees and their families in all states are reimbursable. The 
railways, the coal-mines, and the new steel projects have partially contributory 
me:lical relief systems for their employees. 

There is no special provision made for treatment of cardiac cases, such as 
rel .bilitation centers or convalescent homes. 
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SUGGESTIONS FOR IMPROVEMENT 


The status of the cardiac patient cannot be bettered without improvement 
in medical relief measures as a whole. This was outlined as long ago as 1943, 
in the Bhore Committee report, but could not be implemented for lack of funds. 
Improving the economic status of the people by increasing production, and birth- 
control measures to check the annual population growth of 5 million per year 
are also essential. 

An increase in the number of internists and cardiologists is taking place 
rapidly; most of them are being trained abroad. They can do much through 
prophylactic measures to diminish the incidence of rheumatic fever, cor pulmo- 
nale, and cardiovascular syphilis, if not other types of heart disease. 

I hope that I have not painted too gloomy a picture of the plight of the 
cardiac patient in India. In spite of the low incidence of coronary artery dis- 
ease, we still have our problems. 
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Intereducation and Re-Education in the Rehabilitation of the 
Cardiac Patient 


Herman K. Hellerstein, M.D.,* Cleveland, Ohio 


The social problems created by heart diseases in our present and future 
populations require proper use of available knowledge and the development of 
new concepts of treatment, management, and rehabilitation. The purpose of 
this paper is to propose that we can minimize these problems by the development 
and application of new methods and attitudes in education, by re-education, 
training, and research, not only in the medical but in the allied sciences. 

Medical educators have recognized the importance of changing the program 
of medical education to meet the changing needs of the day. The medical pro- 
fession is being challenged not only by an ‘‘enormous heritage of information, 
rapidly advancing knowledge,”’' but by the new responsibility of comprehensive 
management of the whole patient and his total illness. In addition to diagnosis 
and surgical and medical therapy, this includes rehabilitation, and prescription 
for work and even for recreation. | . 

Rehabilitation has been defined as the process by which a patient is returned 
realistically to his greatest physical, mental, social, vocational, and economic 
usefulness, and, if employable, is provided an opportunity for gainful employ- 
ment in a competitive world.” 

The problems of rehabilitation of the cardiac patient vary with various 
cultures and economies. Life expectancy, motivations, spiritual and material 
values, and social customs alter the goals of rehabilitation. Rehabilitation in 
a modern sense is not restricted to economic or vocational rehabilitation alone, 
but rather it is the development of a pattern of living which enables the patient 
to enjoy to the fullest his physical and mental capacities, with due allowances for 
his disabilities. iss 

The multifactorial nature of rehabilitation of the cardiac patient requires 
the integration of numerous disciplines both in medical education and in patient 
care. A significant beginning has been made in several experiments in medical 
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education. In the new curriculum at Western Reserve University in Cleveland, 
Ohio,** a holistic approach has been developed, with emphasis on the whole 
patient, his psychologic, somatic, social, vocational, and other needs, and on the 
disease as it affects the whole person as well as a specific organ system. Treat- 
ment is directed toward the whole patient (his psyche and body in addition to 
the afflicted organ), and to the total illness (the acute illness, convalescence, 
and recovery or chronic illness). The goal of management is not considered to 
be merely survival, but restoration of the individual to society at a level of max- 
imum attainment for him. This concern for the patient as a person stems from 
our Western heritage of the rights of the individual.* The central theme of this 
heritage is that the individual's rights are inviolable and that society will prosper 
as long as these rights are protected. Among these inviolable rights is the right 
to live, not merely to survive. The new curriculum attempts to synthesize 
scientific medicine and an understanding of the individual and his needs. It is 
hoped that because of this new curriculum the objectives of education, i.e., an 
enduring effect on the attitudes, sense of values, and objectives of the student, 
will continue into the student’s postgraduation days, and that satisfaction in 
the management of long-term illness will outweigh the frustrations and disap- 
pointments.’ In the new curriculum, provisions are made for continuity of 
relationship between the student and the patient. The student has a significant 
and responsible role in the management of the patient’s problems, and in the 
development of constructive plans for rehabilitation of his long-term patients. 


Notable advances have been made not only in undergraduate medical edu- 
cation but also in rehabilitation institutes, whose greatest interests and successes 
have been in the restoration of patients with neuromuscular and skeletal diffi- 
culties, cerebrovascular accidents, etc. Task-oriented clinics using the team ap- 
proach, such as the Work Classification Clinics of the American Heart Associa- 
tion,* have served specific purposes in returning the cardiac patient to work. 

Although the fundamental principles of rehabilitation have already been 
well formulated, and the results of their application in practice have been good, 
their influence in education, medical treatment, industry, insurance, and legisla- 
tion is sadly deficient. In part, this may be due to the failure of communication 

“between disciplines, and in part, to the deficiencies in the knowledge and tech- 
niques of *stientific rehabilitation. Old concepts, precedents, and inertia still 
hamper the physician, the employer, and the worker. 


FACTORS WHICH INFLUENCE THE SUCCESS OF REHABILITATION OF THE CARDIAC 
PATIENT 


Our experience with 1,700 patients.at the Cleveland Work Classification 
Clinic has corroborated the findings of others® that a multiplicity of factors de- 
termine the success of rehabilitation and employability of the patient. At tlie 
time of the initial evaluation the noncardiac needs were noteworthy. Forty- 
two per cent have needed vocational guidance or rehabilitation; 71 per cent, 
emotional rehabilitation, reassurance, and interpretation; 1.5 per cent, avoca- 
tional guidance. Only 18 per cent needed more cardiac therapy, and 6 per cert, 
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physical rehabilitation to improve work tolerance.* Let us consider the com- 
ponent factors in greater detail from the standpoint of the patient and his phy- 
sician. 

The Patient.— 

1. The nature and course of the heart disease: The type of heart disease, 
extent of structural involvement, natural course of the disease, availability of 
curative or remedial therapy, and the extent of functional impairment are of 
major importance. There is considerable variation in the course of a given pa- 
tient’s disease. In general, the prognosis is predictable but subject to natural 
variations and to modifications by new methods of therapy. 

2. Emotional factors: Emotional factors were next in importance to the 
heart disease itself in 45 to 65 per cent of the patients studied at the Work Classi- 
fication Clinics in the United States of America. Much of this emotional diffi- 
culty was based upon fear, anxiety, and tensions which developed in previously 
susceptible individuals. However, the physician’s relationship with the patient 
can often engender emotional disability. Overrestriction is often imposed by 
anxious, insecure, and oversolicitous physicians and may produce overdependence 
and invalidism out of proportion to the disease process. 

The psychiatric effects engendered by heart disease and the effec. of the 
disease itself may appear belatedly and require skilled management. Marital 
status, family problems, family dynamics, and economic needs may contribute 
to the genesis of emotional difficulties. 

3. Vocational factors: Vocational factors include work motivation, age, 
race, previous training, literacy, educational background, work history and work 
performance, interest in hobbies, skill levels, and job opportunities. Stresses 
of traveling to and from a job; taxing features on the job, such as noise, dust, 
and lifting; and pay incentive may be important in determining the employability 
of the patient with heart disease. 

4. Associated disease of significance: Diabetes mellitus, peptic ulcer, gall 
bladder disease, tuberculosis, arteriosclerosis, progeria, and neoplasms may be 
more important than the heart disease. - 

The Physician.—Williams and his associates'® have recently stated that 
the most important single step in the solution of some of the present problems 
in cardiac rehabilitation could be made by educating or re-educating the phy- 
sician about heart disease in order to eliminate or minimize iatrogenic heart 
disease and overrestriction of the cardiac patient. 

The physician plays a singularly important role in determining the success 
of rehabilitation. His competence, emotional maturity, interest, training, 
orientation to rehabilitation (which determines the interval between the onset 
of heart disease and of rehabilitative efforts), and his awareness of the value of 
the team approach, i.e., the integration of other medical services, psychiatry, 
social service, occupational and physiotherapy, will decide the issue. 

During the acute episode it is important that the physician present to the 
patient and his family a positive attitude, both hopeful and realistic. He must 
be able to restrict the patient’s activity without causing irreparable anxiety. 
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After the acute crisis is over, the physician should explain the rationale of therapy, 
the nature of the disease, and the immediate and long-term prognosis to ‘he 
patient and to his family. 

The physician should create an atmosphere designed to educate the paticnt 
and to encourage him to participate in his own rehabilitation, as the most im- 
portant member of his rehabilitation ‘‘team.”’ 

During the patient’s convalescence in the hospital and at home the phy- 
sician is responsible for deciding how and when to remove restrictions and to 
encourage the patient to resume former activities. At present these are done 
empirically, and methods vary with prejudices and local customs. Little is 
known of ways to enhance the speed and adequacy of recovery during conva- 
lescence. Basic concepts are valuable, however, in prescriptions for bed rest 
and activity. Since the days of World War II, the ill effects of excessive bed 
rest have been recognized, and measures are generally taken to counteract them 
by graded exercise in bed and by earlier ambulation. However, patients are 
still excessively restricted, for months or even years, by overanxious and over- 
cautious physicians. 


EVALUATION OF FITNESS AFTER CONVALESCENCE 


The fitness of the patient is reflected in his reaction to increased activity. 
In order to improve fitness a progressively increasing work load should be em- 
ployed as the patient’s tolerance for work increases. The physician recognizes 
the validity of this concept in his methodical removal of restrictions during 
convalescence. During the course of their illness and convalescence the phy- 
sician appraises clinically the changing fitness of his patients when he observes 
their response to greater effort. He can approximate the caloric level of the pa- 
tient’s fitness from the type of life activities performed without distress. The 
caloric load increases from approximately 1.25 Calories per minute in basal ac- 
tivity while sitting or lying, to 2.5 to 3.0 Calories per minute in washing, shaving, 
dressing, or driving a car, to 4 to 5 Calories per minute in gardening, playing golf, 
or walking briskly around the block. The caloric cost of other activities can be 
found in the fine review by Passmore and Durnin" and in other publications.” 

Objective evaluation and re-evaluation of cardiovascular function must be 
made so that the patient can be brought safely in graded steps from the inac- 
tivity of the hospital bed and the partial activity of convalescence to the activity 
which he can perform safely. The physician should be able to estimate the time 
course of the disease and the patient’s recovery, to recognize normal and ab- 


normal physiologic responses to activity, and to evaluate physical fitness at 


different levels of activity. The influence of psychologic factors, the beneficial 
effects of physical conditioning, the residual benefits of previous training, -and 
the changes due to progressive cardiovascular deterioration should be appreciated 
and be part of his total evaluation. 

The patient’s history provides a valuable measure of functional capacity 
and physical fitness,although colored by his psychologic responses, work motiv2- 
tion, social pressure, pain threshold, or need to deny pain. Nevertheless, cor- 
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relations between clinical evaluations employing the classification of the New 
York Heart Association and objective functional testing have been good (in 
70 to 84 per cent of cases).'"2 Factors which reduce the accuracy of clinical 
impressions are unsatisfactory history, failure to evaluate the patient’s emotional 
status, excessive limitation of physical activity by the patient’ or physician, 
recent convalescence, or the presence of other disease. Wider use of the New 
York Heart Association’s classification is recommended because it correlates 
not only with physical fitness, but also with employment status, ability to per- 
form at various levels of energy expenditure, and prognosis.” 

Thus, an integrated picture of the patient’s recovery and improving cardiac 
reserve can be obtained from a careful history, from therapeutic and functional 
classification, from laboratory criteria of recovery or stability, and from response 
to standard exercise tests. The value of the exercise tests is enhanced by assessing 
their physiologic costs in terms of heart rate, caloric expenditure, cardiac output, 
electrocardiogram, blood pressure, and heart work.” According to Sarnoff,” 
it is possible to obtain from the systolic blood pressure and pulse determinations 
the systolic tension-time, and therewith a measure of myocardial oxygen con- 
sumption. 

Indirect measurement of the cardiac output can also be made from the blood 
pressure and pulse rate determinations. Although not so accurate as the 
Fick method, the pulse pressure methods are much more practical and are val- 
uable in helping the clinician gauge the direction and general magnitude of 
changes in cardiac output. Blood pressure and pulse determinations during and 
after effort become more meaningful as a basis for evaluation of cardiac function 
if converted into approximations of cardiac output and into approximations of 
myocardial oxygen cost, i. e., systolic tension-time index of Sarnoff and asso- 
ciates. 


RETURN TO WORK PHASE OF REHABILITATION 


The decision that the cardiac patient may return to work initiates a new and 
critical phase of rehabilitation. A multidisciplinary approach is usually required 
in order to match the patient’s work capacity with the demands of a specific 
job. This can be accomplished in approximately 85 per cent of the cases by a 
team consisting of the private physician, industrial physician, employer (per- 
sonnel manager or foreman), and vocational counselor.?:*:” 

To place a man on a given job, one should know the following: (1) the work 
capacity of the man; (2) the requirements of the job (physiologic and psychologic, 
environmental stresses, skills, seniority); (3) adequacy of the rewards of the job, 
viz., remuneration, ego satisfaction, status, future opportunities; and (4) the 
availability of the job. 

Physical Working Capacity.—The purpose of evaluating physical abilities 
is to determine how a specific patient can use his particular combination of 
physical abilities to best advantage without causing undue harm to himself or 
to others.'6 The physical working capacity of the cardiac patient may be esti- 
mated clinically or measured in the laboratory or on the job. The energy re- 
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quirements of a specific job can be approximated from known published data 
and related to the patient’s response to exercise tests with known energy :e- 
quirements, and to life activities (walking, stair climbing, shaving, showeri::g, 
and gardening, the energy requirements of which have been measured). The 
cardiac worker can be classified from the standpoint of his disabilities and placed 
into a certain category, such as no lifting, no standing, no bending, etc. (as done in 
the Lockheed Physical Limitation System).'7 Another method is to estimate his 
ability and not his disability, as to certain factors, such as physical capacity, 
hearing and vision range, etc., and rate these findings as excellent, average, or 
moderate (the Pulheem system). In another method developed by Hanman, the 
physician describes the task in objective units such as hours and pounds, and 
expresses an opinion as to a ‘‘safe maximum degree of ability be believes the person 
possesses for a series of standard activities. . .’"* 

Laboratory evaluation: Although valuable in the evaluation of athletes and 
other normal subjects, the use of maximal work tests for cardiac patients is 
considered inadvisable, probably dangerous, and certainly unnecessary in Amer- 
ica, since few occupations require effort commensurate with maximal work tests."* 
In fact, submaximal work tests, such as Astrand’s,!* in which an oxygen intake of 
2 liters per minute occurs, also are excessive. Loads of this magnitude have not 
been encountered in our experience, even in the heaviest jobs in American steel 
mills.2° Tests for the cardiac patient should be realistically designed, so that the 
requirements are comparable to those of anticipated types of jobs. In our ex- 
perience in Cleveland, modern factory work requires little energy expenditure 
(average of 2 calories per minute) and evokes only small physiologic changes. 
Less strenuous clinical tests, such as the amplified Master tests (pulse, blood 
pressure, respiratory rate, and electrocardiogram), Valsalva maneuver, Bruce 
tests, and Nylin test afford a good basis for evaluation of the circulatory function 
and fitness for effort of given magnitude (Master’s 8.5 Calories, Bruce’s 5 to 
6 Calories).”* 

Evaluation of the Requirements of the Job—Most jobs can be described in 
terms of their physical and emotional requirements and of the body’s physiologic 
responses to them. The physical requirements can be expressed in terms of 
kilogram-meters or foot-pounds; the pattern of activity—the pace; the levels of 
energy expenditure; and the adequacy of rest periods interspersed to permit 
recovery and prevent accumulated fatigue. An activity may require a stationary 
position or vertical or horizontal locomotion; weight carrying or lifting varying 
in amount, height, level, or method; dexterity, coordination, and specific postures; 
or the use of small or large muscle masses, etc. 

Environmental stresses: The heat stress of Belding and Hatch” is an ap- 
proximate measurement of the balance between heat load (radiation, convection, 
and metabolism) and possible heat loss (radiation, convection, and evaporation 
of sweat, depending on the temperature and humidity of the air). Measurement 
of air speed, relative humidity, radiant heat, and energy cost may be plotted cn 
a nomogram and expressed as units of heat stress according to the method of 
Belding and Hatch.” Other stresses to be considered include noise, dirt, improper 
lighting, dusts, fumes, and exposure to cold. 
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The physiologic cost of a job: With few exceptions, studies of the physiologic 
cost of a job have been made on normal healthy subjects. Until recently, the 
physiologic cost of jobs to healthy workers has been expressed primarily in terms 
of oxygen uptake (caloric expenditure), and pulse rate. Significant advances 
have been made by industry in the design of equipment and in methods of lifting 
or loading in order to reduce the caloric energy expenditure.” However, other 
costs may be more important, especially in areas in which technical developments 
have reduced caloric expenditure. Our recent studies of cardiac patients and 
normal subjects have revealed that important changes occur in several physiologic 
(circulatory, ventilatory, metabolic) parameters, reflecting variations in caloric 
expenditure, in exposure to environmental stresses, and in emotional reactions 
to the internal and external milieu of work.2® For the sake of accuracy, the 
physiologic costs of activity should be characterized more completely in terms of 
cardiac output, total body oxygen consumption, approximate myocardial oxygen 
consumption (from Sarnoff’s systolic tension-time index™), heart beats per min- 
ute, blood pressure response, and A-V extraction. 

The physiologic cost of anxiety or emotional response may be considerable 
in terms of the myocardial oxygen consumption but not be reflected in total body 
calories. Thus, we found that some surgeons, expending only 1.8 Calories per 
minute, at certain times during surgery showed myocardial oxygen consumption 
(systolic tension index) equivalent to that of a man working in a steel mill or 
a subject walking at 1.7 miles per hour on a treadmill with a 10 per cent slope, 
the latter activities requiring a body energy expenditure of 4 to 6 Calories per 
minute. 

The three-minute recovery pulse lengthening of the recovery period, eleva- 
tion of pulse rate for the same effort and environment during the work day, and 
a rising level of the resting pulse indicate accumulating fatigue.'” 

For thorough evaluation of a cardiac patient the cost of extracurricular ac- 
tivities should be considered, in addition to the physiologic cost of his job, since 
the requirements of golfing, bowling, and gardening exceed the low caloric re- 
quirements of many jobs in most American factories.'® 

Evidence of proper placement can be sought in (1) objective physiologic 
measurements on the job, (2) signs and symptoms, (3) emotional adjustments, 
and (4) job record (productivity, safety, and absenteeism). 

Job Availability and the Role of Society——The experience of the Cleveland 
Work Classification Clinic has revealed that cardiac patients work safely and pro- 
ductively in a great variety of jobs, have a low rate of absenteeism, and improve 
more often than they deteriorate while working.* Our physiologic studies in 
the open-hearth and blast-furnace areas show that cardiac patients can work 
safely even at the higher levels of heat stress and energy expenditure (3 to 4 
Calories per minute). In over fifty communities in the United States of America 
the experiences of the Work Classification Clinics have been similar, demon- 
str:ting conclusively to management, labor, insurance carriers, and legislators 
the value of the cardiac employee. Nevertheless, throughout the United States 
of \merica, cardiac subjects encounter difficulty in obtaining initial employment, 
or «ven of being re-employed. : 
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Several surveys of employment practices in American industry have revealed 
the prevalence of unfounded reasons for refusing jobs to men with heart disease: 
(1) fear of workmen’s compensation liability, (2) lack of suitable jobs, (3) sickness 
and health insurance liability, (4) low productivity, (5) absenteeism, (6) limited 
in-plant mobility, and (7) poor safety record. Approximately 60 per cent of 
the companies in one study seldom or never hire persons with known heart dis- 
ease, and only 3.2 per cent regularly hire cardiac patients.?*:?7 

In addition to the aforementioned employment policies, other impediments 
to the hiring of the cardiac patient include seniority rights, which usually necessi- 
tate that new employees be on the more active and difficult jobs. Seniority 
rights also in many industries influence placement of persons returning to work 
after recovering from a heart attack. If the worker cannot return to his old 
job, he may have trouble being placed because of insufficient seniority with the 
company. This is particularly true in smaller industries which do not have a 
large variety of jobs available.”® 

Lack of familiarity of most industrial physicians and personnel managers 
with the principles and methods of evaluating the physiologic costs of work and 
of the physical abilities of the worker has contributed to industry’s reluctance 
to hire the cardiac worker. 


EDUCATION, RE-EDUCATION, TRAINING, AND REHABILITATION 


The need for re-education and better education is by no means confined to 
the industrial physician, but extends to private physicians, employers, legislators, 
and the patients themselves. 

Progress can be made by (1) education of physicians regarding the employ- 
ability of cardiac patients; (2) education of the patient about heart disease 
and about his own capacity for work and enjoyment of life; (3) education of 
industry regarding the present state of our knowledge about the work capacity 
of cardiac patients and their good work record, productivity, and safety, as well 
as the facts about compensation and sickness benefit and pension liabilities; 
(4) continued research, both in industry and in the laboratory; (5) a broad legis- 
lative study of the whole field of workmen’s compensation in the hope that new 
laws will remove the degenerative diseases from the classification of industrial 
accidents and enhance the employment of the cardiac worker; and (6) continued 
and increased cooperation between the physicians in private practice and those 
in industry.?” 

There is a global need for (1) education of the students and of the practi- 
tioners of the health professions in terms of attitudes and objectives and values: 
(2) retraining, i. e., transmission of special knowledge and skills, and (3) wide- 
spread interdisciplinary education. A good start has been made in the various 
rehabilitation institutes, Work Classification Clinics, and in several experiments 
in medical education. A good example of cross-education of the students and 
teachers of several professions is found in the Continuity Clinic and the rehabili- 
tation teaching program of Western Reserve University. During their last two 
years in school the medical students meet in groups of eight, each group with 
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a physician preceptor, to study patients with chronic illness and to assume suit- 
able responsibility for their care. The patients represent common types of 
chronic illness, and the case load is controlled to permit time for careful study. 
Each student follows an average number of six patients. In addition, social 
work and nursing students see these same patients jointly with the medical 
students under appropriate supervision as part of their training in field work. 
The student in each discipline becomes acquainted not only with the acute 
episodes of disease but also with the long-term management, with the psychologic 
implications of chronic illness and the psychologic needs of the patient or of his 
family, and with the role of the medical, social, and vocational sciences (Fig. 1). 


TEACHING TEAM 
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MOBILIZATION OF COMMUNETY RESOURCES 


Fig. 1.—Schema of integrated clinical teaching in the Continuity Clinic of the School of Medicine of 
: Western Reserve University. 


Members of the rehabilitation teaching team (physician, psychiatrist, public 
health nurse, medical social worker, physical therapist, and vocational counselor) 
function as consultants. Each staff member holds an appointment in the appro- 
priate school or department of the University as well as in the Medical School. 
In the medical student conferences and patient-centered conferences an effort 
is made to assemble the entire professional staff which has been concerned with 
the patient’s medical care and management, whether in the hospital, home, or 
community. These conferences bring together members of the various health 
professions and agencies (as many as thirty different agencies) for practical 
experience in working jointly on a common problem. The members of the re- 
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habilitation teaching staff fulfill other duties outside of the Continuity Cliric, 
especially undertaking teaching assignments within the University in order to 
enhance intereducation. 

Not only the students of the various disciplines but also their preceptors 
and teachers have benefited. Similar benefit has been consistently derived in 
other aspects of the new curriculum at Western Reserve University, where 
interdepartmental participation and group planning and group teaching have 
removed the dividing line between preclinical sciences and clinical departments, 
and enhanced the integration of the medical sciences with the skills of the various 
health professions. 

The holistic approach to education ultimately should favor effective rehabili- 
tation of the patient by improving his care during the acute as well as the chronic 


phases of disease. 


Substantial inroads into solving the current problems in rehabilitation in 
the cardiac patient will be made by extending this type of experimentation in 
education; and also by rectifying the deficiencies of current practice through 
postgraduate courses and communications, by enhancing the status of rehabili- 
tation as an integral part of scientific medicine; by providing a sufficient number 
of physicians trained in rehabilitation to meet the existing need; by developing 
economically practical and positive comprehensive rehabilitation programs and 
services; and by using multidisciplinary teaching groups in the instruction of 
undergraduates and graduates in the general convalescent and chronic hospitals, 
in the outpatient and home-care programs, and in appropriate situations in special 
rehabilitation units. 

Modern educational concepts of rehabilitation should be extended beyond 
the medical school and hospital to encompass community resources and pro- 
grams, to influence legislators, employers, employees, and labor leaders to do 
more to improve the opportunities for employment and better job design. 

Currently unsolved problems put emphasis on the need for research in re- 
habilitation of the cardiac patient: research in the technique of rehabilitation, 
of intercommunication, intereducation, and integration of the multiple disciplines; 
in fitness testing and work physiology; in realistic work evaluation and in the 
ergometric, psychometric, psychiatric, and other medical aspects of rehabilita- 
tion; and in the design and execution of programs to prevent heart disease. 
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Long-Term Prognosis and Insurability in Coronary Heart Disease 


Richard S. Gubner, M.D., and Harry E. Ungerleider, M.D., New York, N. Y. 


Neither the manifestations nor the course of coronary heart disease observe 
a predictable pattern. Even the terminology is rendered difficult because, while 
disease of the coronary arteries is primary, it is only myocardial involvement 
which has clinical significance, and there is no pari passu relationship among 
changes in the coronary arteries, in the myocardium, and the clinical picture. 
Thus, in a retrospective study of 250 patients who exhibited gross myocardial 
scars indicative of healed infarction at necropsy, the diagnosis had been sus- 
pected during life in only half of the cases'; in another postmortem study a throm- 
bus was found in a coronary artery in 50 per cent of patients with fatally termi- 
nating myocardial infarction.? 

The term ‘coronary disease’’ embraces categories which range from un- 
recognizable coronary arteriosclerosis in the population at large (present in major 
degree in fully two thirds of males over 50 years of age*) to acute catastrophic 
myocardial infarction. The outlook in the former group is that of the average 
population, since it is the average population; in the latter group there is an im- 
mediate high mortality. 

Between these extremes there are several types of covert and overt coronary 
disease. Toward the ‘‘normal,’’ or more properly stated, ‘‘average,’’ population, 
there are groups with heightened susceptibility to coronary attacks and short- 
ened life expectancy. These include the vast numbers who are overweight, 
whose blood pressure is elevated, who are even mildly diabetic, whose serum 
lipids are elevated, who exhibit miscellaneous cardiovascular abnormalities not 
directly related to coronary disease (such as calcification of the aorta, cardiac 
murmurs, arrhythmias), and whose family history is characterized by car- 
diovascular disease. The association of these factors with an increased inci- 
dence of coronary heart disease and its complications has been documented by 
many insurance and epidemiologic studies. When two or more such predis- 
posing factors are present in association, the pace of development of coronary 
heart disease may be greatly accentuated. 
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Another very sizable segment of the population with covert coronary 
heart disease is represented by those persons with asymptomatic electrocardi- 
ographic abnormalities. To this may be added a not inconsiderable number in 
whom resting electrocardiograms are normal, but in whom evidence of coronary 
insufficiency appears after vigorous exercise. 

Finally, there are those with angina pectoris, or less classic varieties of chest 
pain, who may or may not have associated electrocardiographic abnormalities 
or a history of an attack of myocardial infarction, and also, predominantly in 
older persons, those whose primary symptoms may be impairment of cardiac 
reserve, with dyspnea on effort, arrhythmias, or cardiac enlargement. 

It is only within the past generation that these patterns of coronary heart 
disease have become well recognized, so that, with the exceptions of major myo- 
cardial infarction and angina pectoris, the natural history has not been clearly 
delineated. Even with these clinically distinct syndromes, prognostic concepts 
have been changing profoundly, as implicitly reflected by current emphasis on 
rehabilitation and activity, contrasting with the former general prescription of 

prolonged rest and restrictions. 
; Consonant with the dismal prognostic view which prevailed clinically until 
recent years, insurance companies avoided underwriting persons with known 
coronary heart disease. However, a sizable and valuable mortality experience 
has accumulated by virtue of the disability features which were common clauses 
in former insurance contracts. Disability claims following attacks of myocardial 
infarction provided abundant material for follow-up mortality studies. In ad- 
dition, reflecting a more optimistic clinical climate, experimental underwriting 
of persons with known coronary disease has been increasingly undertaken. Early 
experience has begun to emerge from these studies as well. Although adequate 
long-term mortality data are still lacking, an increasing number of clinical as 
well as actuarial studies suggest that life expectancy in selected groups with 
coronary disease is so far better than was formerly supposed that insurance 
contracts may be offered on a sound basis without prohibitive expense. Some 
information is now available concerning remote prognosis in myocardial in- 
farction, asymptomatic electrocardiographic abnormalities, including bundle 
branch block and T-wave changes, coronary insufficiency as revealed by electro- 
cardiographic stress tests, angina pectoris, and other, less specific chest pain. 

Extensive studies on survival following coronary attacks have been carried 
out by Waldron and Constable,‘ of the Mutual Life Insurance Company of New 
York, and by Robb and Marks,* of the Metropolitan Life Insurance Company. 
Although both studies are unfavorably weighted because the data were drawn 
entirely from survivors of coronary attacks who claimed total and permanent 
dis bility, nevertheless, the over-all long-term survival far surpassed the gener- 
ally dismal outlook of life expectancy formerly held. Stated in terms of the 
mortality ratio of actual to expected deaths, the mortality of survivors of a 
coronary attack, who had no associated defects and no complications, was 400 
per cent, i.e., four times that of the average population.* The mortality ratio 


‘For footnote see page 438. 
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in the Mutual study improved with increasing intervals after the coronary «t- 
tack. Thus, it was 600 to 700 per cent in the first two years after the attack, 
400 per cent in the third to fifth year, 300 per cent in the sixth to tenth yer, 
and 150 per cent for those who survived eleven or more years. The mortal iy 
experience was found to be somewhat better in the 50-to-60 than in the 30-to-19 
age group. 

Generally, similar experience was reported in an actuarial analysis of clinical 
material deriving from 1,613 cases of acute myocardial infarction in Oslo (Nor- 
way) hospitals in the period 1935 through 1949. Six hundred eighty-four pa- 
tients died in the hospital during their acute attack; the remaining 929 were all 
traced until they died (621 patients) or were followed up until July 1, 1953. 
Actual deaths were compared with expected deaths computed on the basis of 
the Oslo mortality in 1945. Among males the over-all mortality ratio (actual 
to expected deaths) was 690 per cent in the first year after discharge from the 
hospital, 350 per cent between one and four years, 270 per cent between five 
and nine years, and 350 per cent ten years and over. For the entire period the 
over-all mortality ratio was 390 per cent. The mortality ratios were about 15 
per cent lower among females. Far more striking than sex was the influence of 
age on mortality ratio. At all intervals following survival of the acute attack, 
among those over 60 years old at the time of their attack the subsequent mor- 
tality ratio was approximately half that of those who sustained their attacks 
under the age of 50. 

An interesting observation in the Oslo study was that for males under 60, 
the age-specific incidence of myocardial infarction dropped during the war to 
about one third of the prewar level. For males over 60 the drop during the war 
was considerably less, and among females there was no definite reduction in the 
incidence of myocardial infarction during the war at any age. 

Clinical studies have most often expressed remote prognosis following myo- 
cardial infarction in terms of persons who, after surviving the initial period of 
the attack, are alive five and ten years later. In general, experience both in 
European and American studies has been that 3 of 5 persons surviving acute 
infarction survive a further five years, and 1 in 3 survives ten years. 

Biérck, Sievers and Blomquist’ made a follow-up study of 903 patients who 
were discharged from Malmé General Hospital (Sweden) following myocardial 
infarction. Sixty-three per cent survived a further five years, 40 per cent a 
further ten years. 


*The term ‘‘mortality ratio” (ratio of actual to expected deaths) is infrequently used in clinical 
parlance, but serves the useful purpose of expressing the prognostic significance of a particular disorder 
in relation to another population, the standard, of similar age and sex. This population may be insured 
persons charged the standard rate of premium, or the general population of a specified area and time. 
A mortality ratio of 100 per cent indicates that within a fixed period of time the proportion of dea‘ 'is 
among those with the disorder in question is equal to the proportion of expected deaths according ‘0 
the rates of mortality of the standard population. A mortality ratio of 150 per cent indicates that one 
and one-half times the proportion of deaths expected in the standard population have occurred among 
those with the specified disorder. Insurability is generally limited to persons whose impairments :°e 
such that it is anticipated that they will not experience a long-term mortality ratio exceeding 500 ))'r 
cent, that is, will not exceed five times as many deaths as would occur in a similar group of standa:d 
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A well-documented British investigation is that of Honey and Truelove,*:® 
who surveyed immediate and long-term prognosis in 543 patients with myocardial 
infarction admitted to the Radcliffe Infirmary, Oxford, from 1940 through 1954. 
Of these, 195 died within eight weeks. Among the 348 survivors of the acute 
attack 60.7 per cent lived five years, and 32.1 per cent were alive after ten years. 
This corresponded to a five-year mortality of 250 per cent, i.e., two and one-half 
times as high as that of persons the same age and sex in the general population. 
As in the other studies cited above, notably the Oslo series,* the long-term mor- 
tality rate was found to be influenced significantly by the age at the time of the 
coronary attack. In those under 60 years old the five-year mortality rate was 
three and one-half to five and one-half times the expected mortality, the lower 
figure applying to those who had sustained less severe attacks (good risk cases), 
the higher mortality figure to those with more severe acute attacks (bad risk 
cases). Among those over 60 at the time of the attack, the “bad risk’’ survivors 
had a five-year mortality experience two and one-half times the expected (250 
per cent); the ‘‘good risk’’ survivors above 60 did not show any increased mor- 
tality over a five-year period, as compared to persons of the same age and sex 
in the general population. 

The cumulative data of five independent studies in the United States,!°-"4 
totaling 886 persons surviving at least one to two months after the acute attack, 
indicate an average five-year survival of 57.6 per cent, and a ten-year survival 
of 32.4 per cent. 

Many additional studies of long-term prognosis after coronary attacks have 
been carried out."-* That of Richards, Bland and White® is of particular interest 
since it represents a completed twenty-five-year follow-up of 162 patients sur- 
viving the first four-week period after the acute attack. The total series repre- 
sented 200 cases, with an immediate mortality during the first four weeks of 
38 cases, i.e., 19 per cent. Of the 162 patients, 79 (49 per cent) survived five 
years, 50 (31 per cent) survived ten years, 23 (14 per cent) survived fifteen years, 
8 (5 per cent) survived twenty years, and 6 (4 per cent) survived twenty-five 
years. 

It has been found regularly that the outlook is considerably better following 
attacks of coronary occlusion when there is no, or minimal, residue. Thus, 
Richards, Bland and White stress that the best index to long-term prognosis 
following myocardial infarction is the degree of recovery following the acute 
period of infarction. In their series the 55 patients with complete clinical re- 
covery fared almost twice as well as the total group of 162 asa whole. Ejighty- 
two per cent were alive after five years, and 56 per cent were alive after ten years. 
Similarly, in the study of Robb and Marks’ at the Metropolitan Life Insurance 
Company, those who had made full functional recovery showed a five-year survi- 
va! of 82 per cent at ages 50 and over, and 76 per cent at ages 40 to 49, and a 
ter!-year survival of 59 per cent at ages 50 and over, and 42 per cent at ages 40 
to 49. Katz," reviewing 461 patients who had had attacks between 1932 and 
191, reported that those who were able to return to unrestricted activity after 
th ir attacks had the best long-term outlook—71 per cent survived ten years 
or more. Other studies, such as that of Honey and Truelove,® cited above, and 
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of Olsen and associates*® are in accord. Ball,?” analyzing follow-up mortality 
in 340 persons who had sustained coronary attacks, found that the mortality 
of survivors with good functional recovery paralleled closely the mortalit\ of 
the population of the same age, sex, and race in Tennessee, after two years, 


A distinctive syndrome which may be attended by a good immediate prog- 
nosis as well as a somewhat more favorable long-term outlook comprises those 
persons, forming a not inconsiderable number, whose acute attacks are very 
mild. After an initial episode of chest pain, which may not be protracted, al- 
though initially severe, the clinical course may be entirely benign, and laboratory 
data such as temperature, sedimentation rate, transaminase, etc., may be in- 
conclusive. Electrocardiograms are apt to exhibit only T-wave changes which 
may not be major in degree nor involve multiple leads, and such abnormalities 
as occur may regress completely within a few days or weeks. In a series of pa- 
tients?* hospitalized with this pattern, presumably reflecting minor or focal in- 
farction, the most common age group comprised persons in the late thirties and 
in the forties. Mortality was nil and functional recovery uniformly good. How- 
ever, the long-term outlook cannot be considered benign, however minimal the 
acute attack. In one series of 69 such cases,?* hospitalized with a slightly more 
severe pattern, but less than the classic attack of acute myocardial infarction, 
there were 4 deaths within the first month, and 3 to 4 deaths annually over a 
five-year follow-up. Forty-seven of 65 patients (72.3 per cent) survived five 
years. The majority of deaths in the follow-up period were due to heart disease. 

Such studies as these, deriving from insurance and clinical sources, leave 
little doubt that persons with coronary disease should no longer be viewed as 
untouchables from the viewpoint of insurability. The most extensive under- 
writing experience to date is that reported by Cochran and Buck,*® of the Lincoln 
National Life Insurance Company. Their investigation comprised 6,611 lives 
and 182 death claims, with a maximum exposure of ten years and an average 
policy duration of four years. Their study included persons to whom insurance 
was issued who had known coronary attacks or a history of chest pain. Of the 
total number of cases, 1,274 were classified as definite coronary cases, and among 
these the mortality ratio was 416 per cent. Persons whose electrocardiograms 
had returned to normal showed distinctly lower mortality ratios than those in 
whom abnormalities persisted. As in other studies mentioned above, mortality 
ratios were distinctly lower among persons in the older age groups than among 
those who were under 50 years old when they sustained their coronary attacks. 

The study of Cochran and Buck included an analysis of mortality experience 
among 5,329 insured persons who had chest pain not definitely attributable to 
myocardial infarction. There were 117 death claims in this group, representing 
a gross mortality ratio of 158 per cent. Persons with a history of typical anginal 
pain exhibited a mortality of 215 per cent. A coronary episode was the cause of 
death in 59 per cent of the total of 117 who succumbed, as compared to 75 per 
cent among those who already had had attacks of coronary occlusion. These 
findings suggest that life expectancy may be somewhat better in those who have 
angina pectoris than in those who have had frank episodes of myocardial in- 
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farction, and that although death will most probably occur from further coronary 
complications, this is less certainly the case in those with angina pectoris than in 
those with a history of frank myocardial infarction. 

A twenty-five-year follow-up study of 456 patients with angina pectoris by 
Richards, Bland and White* tends to sustain the view that angina pectoris is 
somewhat less noxious than coronary disease which has led to recognizable myo- 
cardial infarction. The five-year survival rate was 64.5 per cent in males, 74.5 
per cent in females, and 69 per cent for the combined sexes. Ten-year survival 
was a little under 50 per cent. These survival rates are distinctly better than 
those in patients with myocardial infarction also studied for a similar interval 
by Richards, Bland and White, as already cited. Seventy-six per cent of the 
deaths (336 deaths) were due to cardiac causes. 

A somewhat less favorable prognostic experience in angina pectoris was 
reported from the Mayo Clinic.* Among 6,882 patients with angina pectoris 
_ the five-year survival rate was 58.4 per cent, and the ten-year survival was 37.1 
per cent. These figures more closely resemble those observed following myo- 
cardial infarction. 

Selected groups with chest pain due to coronary disease with myocardial 
ischemia evidently can do very well. Thus, in another study conducted at the 
Mayo Clinic* on 95 patients with angina pectoris, or a previous attack of myo- 
cardial infarction, who underwent cholecystectomy, the survival rate five years 
after operation was 75.5 per cent, as compared to 83.9 per cent expected survival 
in the average population of similar sex, age, and build. Surgery did not cause 
any fatalities due to heart disease, a finding consonant with many other obser- 
vations, indicating that patients with coronary heart disease, if not in the acute 
stage of myocardial infarction, can withstand major stresses. 

In the Metropolitan Life Insurance Company study,’ persons who had 
received disability for coronary disease without coronary occlusion, and who 
subsequently had a good functional recovery, had a five-year survival rate of 
85 per cent, and a ten-year survival rate of 68 per cent. Mortality ratios in this 
group were 280 per cent for the period one to five years after functional recovery, 
and 200 per cent for the period six to ten years. 

Some data on survival in asymptomatic coronary disease have been gathered 
from mortality studies in persons with isolated electrocardiographic abnormalities 
presumably due to coronary disease, such as bundle branch block and T-wave 
changes. In the instance of right or left bundle branch block as an isolated im- 
pairment, mortality was found to be surprisingly low, not greatly exceeding the 
expected mortality, in a study at the Equitable Life Assurance Society of the 
United States.** Experience with major T-wave abnormalities is somewhat less 
favorable, as indicated by a long-term follow-up among employees at the Pru- 
dential Life Insurance Company.** Among a small number of persons with 
me ior T-wave abnormalities the mortality ratio was approximately three and 
on«-half times that of a control group. A larger experience among persons with 
isolated minor T-wave abnormalities (such as low amplitude in Leads I and II 
an! left precordial leads) revealed a mortality twice that of the control group. 
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An important prognostic, as well as diagnostic, aid in coronary disease is 
provided by the double two-step exercise test, when properly performed «nd 
interpreted. A follow-up study of 836 military personnel and 379 insurance «p- 
plicants in whom this test was done because of suspicion of coronary disease lias 
been reported by Robb, Marks and Mattingly.** In both groups the death rate 
in those who exhibited ischemic electrocardiographic changes after exercise was 
almost three times greater than that in those who had a negative test, and there 
were more than six times as many deaths subsequently from acute coronary 
occlusion in those with an abnormal test. Persons with chest pain whose exercise 
tests were negative had virtually the same mortality experience as did adult 
males of comparable age in the general population. Similar observations have 
been reported in studies employing the anoxemia test, in which there was a six 
to’ seven-year follow-up,*”** although in another study*® more reserved con- 
clusions were drawn concerning the prognostic value of this test. 

The electrocardiographic response to stress helps greatly in evaluating the 
significance of chest pain and equivocal electrocardiographic changes, and should 
be applied in circumstances in which there is a heightened risk of coronary dis- 
ease, e.g., in older persons, and in the presence of such predisposing factors as 
elevated serum lipids, obesity, hypertension, diabetes, strong family history of 
coronary disease, and heavy smoking. Actuarial investigations, as well as epi- 
demiologic studies on the rate of development of coronary heart disease, have 
shown that the risk of developing overt disease may be multiplied several fold 
when multiples of the above-listed predisposing factors are present concurrently. 
Thus, in the single instance of obesity a study at the Equitable Life Assurance 
Society*® revealed a threefold increase in mortality from cardiovascular disease 
(principally coronary heart disease) as the body build progressed from 10 to 
29 per cent underweight to 30 to 39 per cent overweight. In follow-up surveys 
of the population of Framingham, Mass.,*! and male civil service employees in 


_Los Angeles,” the new coronary disease rate over a four-year period likewise was 


three times greater in those classified ‘‘overweight”’ as in those classified ‘‘under- 
weight.”” It was sixfold higher in those with elevated blood pressure, and in 
persons with elevated levels of serum cholesterol.** When two of the three factors 
(obesity, elevated blood pressure, hypercholesterolemia) were associated, the 
likelihood of developing overt coronary disease was greatly accentuated. Among 
males 45 to 62 years old who had low or normal weights, blood pressure, and 
cholesterol the likelihood of developing recognizable coronary disease was 5 per 
1,000 per annum, as compared to an incidence rate of 24 per 1,000 per annum 
in those who were high in any of the three attributes. A stressful personality 
pattern, characterized by an intense and sustained drive for achievement and 
propensity to function under pressure, is reported to be associated with a seven- 
fold increased incidence of clinical coronary disease as compared to control groups. 
and the presence of arcus senilis with more than a threefold increase.“ 

No penalties are currently assessed in persons with factors predisposing t° 
coronary disease when these do not significantly exceed the so-called ‘‘normal’’ 
range, e.g., mild increase in blood pressure, weight, or serum lipids. Coronary 
disease is so uniformly prevalent in the adult American population that it be 
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comes specious to penalize large segments of the population in situations such as 
insurance contracts which are designed for the public at large. However, special, 
favorable consideration may be warranted for those whose health inventory 
makes them appear relatively less susceptible to coronary heart disease, com- 
monest cause of death in adult life. 

Until more complete mortality data are available the rates set forth in 
Table I may be suggested as a practical expression of the mortality rates in 
various formis of coronary disease, when there are no accompanying significant 
impairments, and when complete information has been obtained. A current 
electrocardiogram, including the Master double two-step test for evidence of 
coronary insufficiency, is desirable in evaluating all applicants suspected of 
having coronary disease. The adverse effect of an underlying or associated 
factor which predisposes to further coronary complications is illustrated in a 
follow-up study at the Joslin Clinic“ of diabetics who sustained coronary at- 
tacks. Not only was the mortality in the acute attack high (60.8 per cent), but 
late survival was also poor. Among those surviving the acute attack two months, 
40 per cent lived five years, and 7.5 per cent lived ten years. 

It must be borne in mind that mortality rates, such as those expressed in 
Table I, cannot be translated into individual experience. Furthermore, few if 
any individual series of cases of myocardial infarction studied are sufficiently 
broadly representative to reflect the natural history of the disease in its several 
forms, so that an attempt has been made to collate mortality ratios in several 
subcategories rather than in the over-all aspect. The problem is illustrated by 
comparing data from different sources. Studies on myocardial infarction deriv- 
ing from municipal hospitals, generally comprising more severely ill patients, 
exhibit a far higher immediate and late mortality than obtains among privately 
treated patients. The difference between the two groups, at least in acute mor- 
tality, may be of the order of fivefold. Thus, in studies in which consideration 
was given to this aspect the mortality in municipally hospitalized, as compared 
to privately treated or hospitalized, patients was 52 versus 10 per cent,* and 
34 versus 8.5 per cent.*® 

Persons with coronary disease, of whatever type, do, however, share this 
in common: their over-all life expectancy is, on the average, significantly ab- 
breviated, and the great majority, 75 per cent or more, succumb to complications 
of their coronary disease*® commonly, recurrent acute coronary 
attacks or sudden death, and, more particularly in older persons, congestive 
heart failure. 

Although knowledge of coronary heart disease remains incomplete, there 
are indications that its course may be, and even now is being, favorably altered. 
It is common practice to instruct patients who have sustained a coronary attack 
to curtail their dietary intake of fat. That this may have a beneficial long-term 
efiect is suggested by a few preliminary observations, although much more docu- 
mntation is necessary to establish the validity of this association. Morrison*® 
ol served 100 survivors of acute coronary attacks over an average eight-year 
pcriod. Among 50 who were maintained on a low-fat diet, 56 per cent survived 
this period, whereas among 50 whose diet was unrestricted, only 24 per cent 
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survived the eight-year period. Although it would appear that there were more 
than double the number of survivors among the low-fat group, it should be noied 
that the average eight-year survival of 24 per cent in the control group is «p- 
preciably lower than in most series. In another study conducted by Lyon and 
associates,°® a four-year follow-up was made of 250 survivors of initial acute 
attacks of myocardial infarction. Among 115 patients who professed adheretice 


MortAaLity Ratios (AcTUAL TO EXPECTED) IN CORONARY HEART DISEASE 


TABLE I. 


I. Coronary Occlusion (myocardial infarct }—good functional recovery, with minimal residuum 
a. Under 60 at time of attack: 
0-2 years—over 500 per cent mortality 
2-5 years—500 per cent mortality 
5-10 years—300 per cent mortality 
10+ years—200 per cent mortality 
b. Over 60 at time of attack, or questionable or minimal episode of infarction: 
1-5 years—300 per cent mortality 
5-10 years—200 per cent mortality 


II. Chest Pain 
a. Anginal type: 
Onset within year period, or severe in degree produc- 
ing functional limitation or requiring frequent 
use of nitroglycerin, major ECG abnormality —over 500 per cent mortality 
Evidence of coronary insufficiency in exercise test 
under 60—500 per cent mortality 
over 60—300 per cent mortality 
No evidence of coronary insufficiency on double two- 
step exercise test —200-300 per cent mortality 
b. Atypical chest pain: 
Not having anginal characteristics; ECG exercise 
test negative 


—100-200 per cent mortality 


III. Asymptomatic Coronary Disease (electrocardiographic abnormalities) 
a. Pattern of old infarction without history (Q-wave abnormalities, etc.): 
under 60—500 per cent mortality 
over 60—300 per cent mortality 
Major T-wave abnormalities: 
under 60—300-500 per cent mortality . 
over 60—200-300 per cent mortality 
Abnormal double two-step exercise test: 
Ischemic S-T changes 
under 60—300 per cent mortality 
over 60—200 per cent mortality 
Junctional S-T or atypical 


changes —150-200 per cent mortality 
d. Minor T-wave abnormalities: —100-200 per cent mortality 
e. Bundle branch block: 


Incomplete right, or other 


conduction anomaly —150-200 per cent mortality 
Complete right or left bun- 
dle branch block —200 per cent mortality 
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to a low-fat diet (under 50 Gm. daily), both the recurrence rate of coronary.at- 
tacks and mortality were reduced fourfold, as compared to a group of 135 patients 
whose diets were not restricted. Other measures have been reported to have a 
beneficial long-term effect on patients with coronary heart disease, notably pro- 
longed anticoagulation, and also female sex hormones and surgical attempts to 
increase myocardial vascularity. These have been applied on too limited a scale 
to influence the over-all prognosis of large groups which form the basis for in- 
surance underwriting. However, if further critical study establishes that such 
easily applicable measures as fat restriction and anticoagulation do indeed have 
as significant an effect in forestalling further complications of coronary heart 
disease as has been suggested, it may well be that their employment promises 
to those with overt coronary heart disease a long-term survival approaching that 
of the average population. 


SUMMARY 


Long-term prognosis in the individual patient with coronary heart disease 
is unpredictable. However, there are broad patterns of survival in the various 
clinical syndromes which may be expressed in sufficiently quantitative terms 
to allow an estimate of insurability. 

Clinical and actuarial studies are surveyed comprising long-term follow-up 
of groups having: (1) acute attacks of myocardial infarction, (2) angina pec- 
toris, (3) atypical chest pain, (4) asymptomatic electrocardiographic abnor- 
malities, including bundle branch block and T-wave abnormalities, (5) elec- 
trocardiographic evidence of coronary insufficiency on performance of exercise 
or hypoxemia stress tests. 

Prognosis is expressed most conveniently in terms of mortality ratios (actual 
to expected deaths), i.e., the relative number in a group succumbing compared 
to the relative number in the general population of the same age and sex dying in 
the same period. In most clinical studies the long-term prognosis, i.e., survival 
after the initial period of acute coronary attacks, has been analyzed in terms of 
the percentage alive after five and ten years. 

Mortality in the first two years after a coronary attack is of the order of six 
to seven times normal (mortality ratio of 600 to 700 per cent). Thereafter it 
falls progressively, with increasing intervals of time after the attack. Other 
factors have significant bearing on survival after coronary attacks. The milder 
the acute attack, the more complete the recovery, and the older the age at which 
it occurs, the more favorable the long-term outlook. In such groups, life ex- 
pectancy may far exceed the over-all average experience, which in most studies 
has been that 3 of 5 persons surviving acute infarction live a further five years, 
and 1 of 3 survives ten years. Conversely, in persons who have accompanying 
disorders predisposing to progression of coronary disease, such as diabetes, the 
long-term outlook is poorer than average. 

Mortality ratios are somewhat better in persons with angina pectoris than 
in those who have had known attacks of myocardial infarction, although in one 
V-ry extensive study the five- and ten-year survival rates were not significantly 
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higher. Long-term prognosis is slightly better in females than in males both in 
instances of angina pectoris and after coronary attacks. 

Asymptomatic electrocardiographic abnormalities also have an adverse 
effect on survival. Mortality in those with major T-wave abnormalities is ap- 
proximately three and one-half times the normal, and in those with minor T- 
wave changes it is twice the normal. Bundle branch block, at one time considered 
an ominous finding, is not (in the absence of accompanying physical impair- 
ments) associated with any striking increase in mortality ratios and is prognosti- 
cally less unfavorable than T-wave abnormalities. Among those who have 
ischemic electrocardiographic changes after exercise, mortality rates are almost 
threefold greater than among those with a negative response. 

Actuarial investigations, as well as epidemiologic studies on the rate of 
development of coronary heart disease, indicate that the risk of developing overt 
disease may be multiplied several fold in the presence of various predisposing 
factors, particularly when multiple factors are present concurrently. Among 
these are elevated serum cholesterol, obesity, hypertension, diabetes, strong 
family history of coronary disease, heavy smoking, sustained stressful person- 
ality pattern, and arcus senilis. 

There are indications that the course of coronary heart disease may be 
modified, and that the pattern of survival may begin to approach that of the 
average population by controlling some of the predisposing factors, and by ap- 
plication of such measures as dietary restriction of fat and prolonged anticoagu- 


lation. 

Persons with coronary heart disease, of whatever type, as groups, have an 
abbreviated life expectancy, and the great majority succumb to complications 
of their coronary disease, most commonly recurrent acute coronary attacks or 
sudden death, and, more particularly in older persons, congestive heart failure. 
However, clinical and actuarial experience indicates that long-term mortality 
ratios following attacks of myocardial infarction and in other syndromes of 
coronary heart disease are not prohibitive; and insurability may be considered 
in appropriate circumstances, e.g., at an interval after recovery from acute at- 
tack, when functional recovery is good, and when there are no accompanying 


adverse factors. 
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Joint Report of the Research and Social Committees of the International 
Society of Cardiology, Session in Brussels, Belgium, September 15-19, 1958 


Paul D. White, M.D., General Chairman 
Gunnar Biorck, M.D., and Ancel Keys, Ph.D., Co-Chairmen 


The Research Committee and the Social Committee of the International 
Society of Cardiology met in Joint Sessions on Sept. 15 and 19, 1958, to discuss 
matters of mutual interest and responsibility. Members of the Committee on 
Nomenclature and invited experts participated in the meetings. Members of 
the Committees continued these discussions between the sessions to obtain 
agreement. The results are embodied in the following Report to the Council 


of the Society. 


ACTIVITIES AND RESPONSIBILITIES OF THE COMMITTEES 


The Research and Social Committees recognize their important responsi- 
bilities, especially between the Congresses themselves, in the promotion, on a 
world-wide basis, of cardiological knowledge and practice and in the campaign 
against cardiovascular disease. The Committees believe that it is highly de- 
sirable to increase their activities in the discharge of those responsibilities with 
particular emphasis on: 

1. The examination of the needs and the potentialities of international 
cooperation in cardiovascular research and in the social problems related to 
diseases of the heart and blood vessels. 

2. The standardization of methods, tests and the reporting of findings in 
research, especially in surveys, field researches, and other studies on or pertain- 
ing to populations and statistical analysis. The Committees believe that in 
regard to terminology, nomenclature, and classification they have interests in 
common with the Committee on Nomenclature. 

3. The promotion of the international epidemiological approach to the 
study of the etiology, natural history, and the possible prevention of cardiovascu- 
lar disease. This approach should be joined with the approaches by way of 
laboratory experiments and clinical observations, so as to bring all useful scientific 
disciplines to bear on these problems. 

4. Cooperation with the Committee on Nomenclature, as suggested above, 
in the development of definitions and classification concerned with cardiovascul.r 
disorders and characteristics for the special purposes of research on populatiors. 
448 
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The Committees ask consideration of the desirability of forming a Tripartite 
Committee on Research, Social Problems and Nomenclature, which, it would be 
hoped, would continue its deliberation and activity between, as well as during, 
the World Congresses. 

5. Assistance in the development of more active cooperation between 
national and local heart societies, and their respective research and social com- 
mittees, and all other organizations, especially the International Cardiological 
Society Research Foundation, that can contribute to the campaign against heart 
and blood vessel diseases throughout the world. Among the goals of such co- 
operation are increased provisions for the exchange of research experts as well 
as of students and fellows, the formation of international research teams and 
groups and the formulation of cooperative and collaborative projects and pro- 
grams. 


STANDARDIZATION OF METHODS AND REPORTING 


The increasing use of comparisons between results in different laboratories 
and in different populations, as a research tool, is applauded by the Committees, 
but it is noted that assurance about the validity of such comparisons is essential. 
The Committees insist on the great importance of standardized methods and 
the reporting of findings in uniform, clearly defined, and objective terms with 
the least risk of confusion in regard to interpretation. Emphasis should be 
placed on reporting the actual findings without recourse to interpretation, which 
would follow later. Accordingly, the Committees note: 

1. An objective classification of electrocardiographic findings has been 
developed and is being applied in surveys in Greece, Japan, Finland, Italy, and 
Yugoslavia, as well as in the United States of America. Without endorsing the 
details of this system, it is agreed that some such system, after further testing 
and modification, may be recommended for application in wider research, not to 
supplant the usual clinical interpretation but simply to provide an agreed frame- 
work suitable to statistical analysis without prejudice to any interpretation. 

2. Tentative forms for recording the history, present health, personal 
habits, and the findings in the physical examination, with particular reference 
to the needs in surveys on cardiovascular disease, have been developed and are 
now being tested in surveys in the countries mentioned above. One form is 
intended for screening purposes; a second form provides for recording more de- 
tailed information concerning persons suspected of having cardiovascular dis- 
ease. Both forms provide for the comments and interpretation by the physician, 
but their special feature is the provision for recording fuller details on signs and 
symptoms in a manner suitable for statistical analysis. The Committees endorse 
the principles embodied in these forms. 

3. The Committees note the need for similar standardization in objective 
reporting of the findings in radiologic examinations as well as in other tests and 
measures that may be used in surveys on heart disease. There is particular need 
for standardization in methods for the measurement of cholesterol and other 
lipids in the blood. The Committees urge that efforts be made to establish an 
in‘ernational center for the control and calibration of blood lipid measurements. 
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EPIDEMIOLOGY OF CARDIOVASCULAR DISEASE 


The epidemiological approach to the study of the etiology of cardiovascul ir 
disease so far has been applied on little more than an exploratory basis, but it 
has already provided valuable information. The need for further developme ::t 
in this area is clear. The Committees urge: 

1. Exploration of possible avenues of financial support for international 
research on the epidemiology of diseases of the heart and blood vessels. There 
is a particular need for long-term support of programs aimed at discovering the 
prevalence, incidence, and prognosis of cardiovascular disease in populations 
differing in the mode of life, including diet, physical activity, personal habits, 
and mental stress,:as well as in race and possible genetic constitution. Further, 
the Committees urge: 

2. The development of strictly comparable survey and follow-up studies 
in a considerable number of countries and population groups so as to cover the 
widest possible range of the parameters concerned. It is essential to adopt a 
common battery of tests and measurements as well as of basic items to be covered 
in the history and the physical examination. Similar attention should be given 
to the investigation of the diet, physical activity and social customs. It is im- 
portant in such comparative investigations to consider the requirements for the 
eventual separation of the variables by analysis of the combined findings from 
many separate studies on population groups. The participation of international 
teams in such programs is recommended to assure identity of methods and 
criteria as well as to promote international understanding and friendship. 

3. The Committees call attention to current discussions, plans and oper- 
ations in many countries in regard to the epidemiology of cardiovascular disease. 
Among the countries concerned, and in which there is strong endorsement of the 
idea of international cooperation in such research, should be mentioned Italy, 
Japan, India, Israel, Finland, Norway, Denmark, Sweden, the Netherlands, 
Greece, Rumania, Spain, Yugoslavia, South Africa and the United States of 
America. In many of these and other countries there is need for assistance from 
experts in various scientific disciplines as well as for financial help. The Com- 
mittees note with approval the recent steps taken by the World Health Assembly 
of the World Health Organization to aid in the promotion, of epidemiological 
research on incommunicable diseases, including cardiovascular disease. It is 
hoped that the International Society of Cardiology and the constituent national 
societies will play an active role in this development. 

4. The Committees believe it is important to recognize the necessity 
in planning as well as in the operation of such epidemiological studies to pro- 
vide for the joint efforts, in closely integrated teams, of physicians, biophysi- 
cists, biochemists, physiologists, statisticians, social anthropologists, geneticists, 
and public health administrators. 

5. In the selection of areas and population groups for epidemiological 
study, attention should be paid to the importance of including: (a) areas where 
it is believed that widely differing frequencies of cardiovascular disease mzv 
be found, (b) areas exhibiting great contrasts in the mode of life, especially iv 
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the diet, (c) areas where the available statistics suggest discrepancies or special 
problems, (d) areas where medical standards, facilities, etc., should assure the 
probability of obtaining the most reliable data. 


CARDIOVASCULAR FITNESS 


The estimation of cardiovascular fitness is important in the management 
and rehabilitation of cardiac patients as well as in the evaluation of drugs and 
methods of management. However, the development, standardization and 
interpretation of cardiovascular fitness tests at present is inadequate for both 
research and social needs. While admitting the difficulty of the subject, the 
Committees recommend: 

1. Stimulation and support of research on methods for the evaluation and 
enhancement of cardiovascular fitness, with a view both to the needs for exact 
research and for practical application with a minimum of equipment and special- 
ized personnel. 

2. Formation of study groups and expert panels to give continued attention 
to the needs in this field. 

3. Attention to the concept of positive health in addition to recognition of 
degrees of disability. 


OTHER ITEMS 


The Committees call attention to the need for more prolonged discussions 
on all of the items mentioned in this Report. Interim meetings and participation 
of members in international research should aid in this regard. 
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Review 


The Heart in Systemic Lupus Erythematosus 


Martin A. Shearn, M.D., Oakland, Calif. 


Although the heart is often prominently involved in cases of systemic lupus 
erythematosus, the mechanisms responsible for its implication are not well under- 
stood. The cardiovascular findings in 83 patients with systemic lupus erythem- 
atosus are here analyzed and the pertinent literature is reviewed in an attempt 
to promote comprehension of the factors responsible for the cardiac abnormalities. 

The present series includes only patients with a clinical picture strongly 
suggesting lupus erythematosus, according to criteria similar to those employed 
by Harvey and his co-workers.!_ Seventy-four of the patients were women; the 
ages of the patients ranged from 9 to 59 years. Necropsy was performed on 16 
subjects. Sixty (80 per cent) of the 75 patients tested manifested the lupus 
erythematosus phenomenon. In 2 patients who did not exhibit the lupus erythem- 
atosus phenomenon, renal biopsy revealed histologic findings compatible with 
systemic lupus erythematosus. In the absence of adequate clinical findings the 
presence of the lupus erythematosus phenomenon with or without rheumatoid 
arthritis was not considered diagnostic of systemic lupus erythematosus. 


HISTORICAL 


The history of early discoveries pertaining to lupus erythematosus has been 
well related by Jarcho,? Klemperer,’ and Muehrcke and his colleagues. Several 
authors®* credit Osler with the recognition of cardiac involvement in cases of 
lupus erythematosus, referring to his articles on the diseases of the erythema 
group. However, only Cases 19 and 26 of those reported by Osler’ can be con- 
sidered as instances of systemic lupus erythematosus, and even Case 26 was 
excluded by Muehrcke.‘ In neither of these 2 cases was there evidence of cardiac 
involvement, nor was material available for pathologic study. 
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The first evidence suggesting cardiovascular involvement in cases of lupus 
erythematosus is contained in a report of Kaposi,* who, in 1872, mentioned 
cardiac irregularity in one patient and dyspnea in another. In 1908, Pernet® 
described a fatal case of lupus erythematosus in which a small vegetation was 
noted on the mitral valve. Libman,?® in 1911, observed an unusual form of endo- 
carditis which was believed in retrospect to represent atypical verrucous endo- 
carditis. In 1920, Low, Logan, and Rutherford" reported edema and fibrosis 
of the greatly thickened epicardium of a patient who had died of lupus erythem- 
atosus. Goeckerman,” in 1923, cited a patient with severe myocardial change 
which he believed to have been the direct cause of death. In the same year, 
Keefer and Felty’* emphasized pericardial involvement in cases of systemic 
lupus erythematosus, having observed a recurrent pericardial rub in one patient, 
and pericardial adhesions and a sacculated accumulation of fluid in the peri- 
cardium of another patient at necropsy. 

The classic study of Libman and Sacks," appearing in 1924, included the 
description of a nonbacterial form of verrucous endocarditis, which the authors 
clearly distinguished from rheumatic and bacterial endocardial disease. It is 
remarkable that more than 50 years highly productive of pathologic observations 
had elapsed between Kaposi’s clinical studies and the first important pathologic 
investigations of the heart in this disease. Although Libman and Sacks found 
cutaneous lesions of lupus erythematosus in 2 of the 4 patients with this form 
of endocarditis, the full significance of these lesions was not appreciated until 
somewhat later. The relationship between Libman-Sacks endocarditis and 
lupus erythematosus was further developed and expanded by Gross.'*:16 

For some years following the publication of Libman and Sacks’s study an 
ill-defined syndrome came gradually to be recognized, resembling certain aspects 
of both rheumatic fever and subacute bacterial endocarditis, and including 
arthralgia, fever, petechiae, purpura, endocarditis, pericarditis, anemia, leuko- 
penia, splenomegaly, hepatomegaly, and embolic glomerulonephritis. Knowl- 
edge was considerably advanced when the clinical and pathologic findings in 
23 patients with lupus erythematosus were correlated by Baehr, Klemperer, 
and Schifrin.!7 Friedberg, Gross, and Wallach'® further clarified the issue by 
observing that lupus erythematosus may occur without cutaneous manifestations, 
which made it possible to question the Libman-Sacks syndrome as a discrete 
nosological entity.!*-?° 

Further pathologic observations of the cardiac lesions were reported by 
Klemperer, Pollack, and Baehr,”* Baggenstoss,” and others.” Some of the 
clinical aspects of cardiac involvement in cases of lupus erythematosus were 
reviewed in the comprehensive study by Tumulty and Harvey,* while clinical- 
pathologic correlations were provided by Griffith and Vural,» Humphries,” 
and others.**.?7 Within the last decade, following the description of the lupus 
erythematosus phenomenon by Hargraves, Richmond, and Morton,”* several 
relatively large series have been reported, permitting more extensive analysis 
of cardiovascular involvement and augmenting comprehension of some of the 
mec)ianisms pertaining to cardiac abnormalities in instances of this disease. 
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FINDINGS AND DISCUSSION 


Symptoms and signs of cardiac involvement have been noted in as many 
as 89 per cent of the patients in one series.?® All but 11 of the 83 patients in the 
present study exhibited some cardiovascular abnormality, such as a murmur, 
hypertension, enlarged heart, abnormal electrocardiogram, or a combination 
of these factors (Table I). 


TABLE I. FREQUENCY OF CARDIAC FINDINGS IN 83 PATIENTS WITH SysTEMIC LuPUS 


ERYTHEMATOSUS 
FINDING NUMBER WITH FINDING PERCENTAGE 

Systolic murmur: 58 70 

Loudest at apex 47 57 

Loudest at base 7 8 

Equal at apex and base t 5 
Dyspnea 53 64 
Abnormal electrocardiogram* 45 62 
Chest pain . 50 60 
RAles 34 41 
Edema 32 39 
Orthopnea 28 34 
Hypertension 27 33 
Pericarditis or effusion 26 31 
Enlarged heart 25 30 
Congestive heart failure 15 18 
Gallop 11 13 
Cyanosis 8 10 
Diastolic murmur a 5 


*Observations on 73 patients. 


When anemia, tachycardia, or pulmonary disease is present, it is difficult 
to determine whether a given sign is due to cardiac disease or to one of these 
conditions, since each may produce similar findings. Pre-existing heart disease 
and such unrelated complications as coronary thrombosis or bacterial endocarditis 
may further confuse the picture. Thus, dyspnea does not necessarily imply 
cardiac involvement, since it is so often related to pulmonary disease and occurs 
occasionally in cases of lupus erythematosus when neither the heart nor the lung 
is involved.2® Chest pain, which is equally difficult to interpret, often has no 
apparent cause such as pericarditis or pleuritis. It was present in 60 per cent 
of the patients reported herein; whereas pericarditis was diagnosed in only one 
half of that number. Edema occurred in 32 of the 83 patients, in some as one 
of the earliest symptoms of the disease. It was a manifestation of the nephrotic 
syndrome in 7 patients, 3 of whom also had heart failure. In 14 it ree !ted from 
cardiac decompensation. In 11 patients the cause of the edema was undeter- 
mined. 

The interrelationships of the various mechanisms that contribute to serious 
cardiac manifestations are often perplexing. To what degree, for example, do 
hypertension, anemia, myocarditis, pericardial effusion, and arrhythmia contrib- 
ute to congestive heart failure or to other cardiac abnormalities, when these 
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phenomena complicate lupus erythematosus? Each of the major cardiac manifes- 
tations that has been observed in patients with the systemic disease will be con- 
sidered, both as it has been reported by others to occur and as it has appeared 
in the 83 patients of the present series. The abnormalities will be considered 


under the following headings: 


1. Libman-Sacks Endocarditis 
2. Murmurs 

A. Systolic murmurs 

B. Diastolic murmurs 
Hypertension 

Pericarditis 

Myocarditis 

Myocardial Infarction 
Congestive Heart Failure 
Electrocardiographic Findings 


AMP & 


Libman-Sacks Endocarditis —The ovoid vegetations of atypical verrucous 
endocarditis, which range in diameter from 1 to 4 mm., consist of areas of pro- 
liferating and degenerated valve tissue mixed with fibrin and platelet thrombi, 
and are characterized by fibrinoid degeneration of collagen and necrosis of cells. 
The verrucae may occur singly or in small conglomerates near the edge of the 
valve, on the chordae tendineae, the papillary muscles, and the mural endo- 
cardium. Libman and Sacks" and Gross" stated that verrucae were most often 
found on the tricuspid valve, but more recent studies show a higher incidence 
on the mitral valve.1 Hematoxylin-staining bodies may be found; Klemperer, 
Gueft, and Lee*® found these small ovoid bodies in the endocardium of 21 of 
35 patients and in the myocardium of 2 patients. 

The frequency with which atypical verrucous endocarditis has been reported 
in cases of systemic lupus erythematosus varies considerably with different in- 
vestigators. Humphries* recorded it in 57 per cent of the cases of systemic lupus 
erythematosus. Klemperer*! found the verrucae in 55 per cent of the cases; 
Jessar and his colleagues,® in 33 per cent; Harvey and his co-workers, in 32 per 
cent. Recently, Muehrcke and his co-workers‘ noted that atypical verrucous 
endocarditis had appeared in only 1 of 30 patients observed by them. This is 
a rarity contrasting sharply with the frequency reported by others, but paralleled 
by the recent experience of Popper* and Saphir.** It is conceivable that the cur- 
rent low incidence of this finding may be related in some way to the effect of 
steroid administration. Another possible explanation is that in former years 
many workers considered the endocardial lesions requisite to the diagnosis of 
lupus erythematosus, since they represented the most specific postmortem find- 
ing; whereas the diagnosis is now often made clinically and series are no longer 
weighted in favor of the endocardial involvement. 

Atypical verrucous endocarditis was found in 4 of the 16 subjects of the 
present series who were examined post mortem. All of the 4 had died before 
steroid therapy became available. None of the 11 subjects who received steroid 
therapy was found to have verrucous endocarditis. 
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Murmurs.— 
Systolic murmurs: Systolic murmurs are heard in about two thirds of all 
the patients with acute lupus erythematosus. These murmurs are most often 
of low intensity, but may become loud and harsh. They are heard more fre- 
quently at the apex than at the base of the heart. The murmurs may cease to 
be heard after therapy with cortisone.* , 
Most patients with acute lupus erythematosus have tachycardia, fever, and 
anemia, and since cardiac murmurs are often associated with these conditions, 
it is difficult to interpret systolic murmurs even when they are of great intensity. 
That the diagnosis of verrucous endocarditis cannot be made on the basis of 
systolic murmurs has been well demonstrated by Griffith and Vural,®* who heard 
systolic murmurs in only 2 of 6 patients with Libman-Sacks endocarditis, and 
found Libman-Sacks endocarditis in but 2 of 7 patients with systolic murmurs. 


Systolic murmurs were heard in 70 per cent of the patients of the present 
series, and were loudest at the apex in 47 per cent. Basal systolic murmurs, 
especially over the pulmonic area, were heard in 8 per cent; in 5 per cent, murmurs 
were heard with equal intensity at apex and base. The majority were considered 
to be low to moderate in intensity, but in 3 patients they were loud. Those of 
greatest intensity were associated with profound anemia. In one patient with 
hemolytic anemia marked by a hemoglobin concentration of 4 grams per 100 ml., 
the murmur gradually decreased in intensity and then ceased as the anemia was 
corrected. Systolic murmurs were heard in each of the 4 patients in whom atypi- 
cal verrucous endocarditis was subsequently found at necropsy, but in no instance 
did the murmur differ with respect to location, quality, intensity, or transmission 
from those observed in patients without proved endocardial lesions. 

It may be inferred that the presence of endocardial disease cannot be pre- 
dicted on the basis of systolic murmurs. 

Diastolic murmurs: Diastolic murmurs, which occur in approximately 4 
per cent of the patients with lupus erythematosus,”** pose a problem in interpre- 
tation. They may arise from any of several sources: (1) pre-existing rheumatic 
or congenital heart disease, (2) associated bacterial endocarditis, (3) atypical 
verrucous endocarditis, or (4) left ventricular dilatation, which may accompany 
profound anemia or congestive failure. 5 

With respect to rheumatic heart disease, there is no reason to believe that 
the incidence of this condition in patients with lupus erythematosus differs from 
that in the general population. Mitral stenosis as the cause of a diastolic mur- 
mur in cases of lupus erythematosus has been noted by several authors.*>:**.36.37 
One patient of the present series had a diastolic murmur related to mitral ste- 
nosis. 

That diastolic murmurs develop during the course of subacute bacterial 
endocarditis is widely recognized. Subacute bacterial endocarditis may occur 
in a patient with lupus erythematosus as a terminal event, or the causative or- 
ganisms may implant themselves on valve leaflets deformed by Libman-Sacks 
endocarditis.* Subacute bacterial endocarditis in one patient with systemic 
lupus erythematosus resulted in aortic insufficiency.! 
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Can Libman-Sacks endocarditis per se be responsible for the development 
of a diastolic murmur? Even when the valvu'‘ar excrescences become prominent, 
they tend not to involve the line of closure and so do not usually give rise to 
valvular deformities. Involvement of the chordae tendineae may occur, but is 
not of sufficient degree to cause distortion of the valve. However, in several 
reported patients with Libman-Sacks endocarditis, diastolic murmurs were 
heard which had no adequate explanation and conceivably could have been 
caused by the roughened valve leaflets: Libman and Sacks" recorded a loud 
presystolic rumble in a patient (Case 4) who at necropsy exhibited thickening 
of the mitral valve with vegetations but no evidence of rheumatic valvulitis. 
Daugherty and Baggenstoss”® noted a mitral diastolic murmur in a patient (Case 
3) whose mitral valve was found to be thickened and edematous, with a row of 
granular, pyramid-shaped vegetations extending along most of the line of closure 
of the posterior mitral leaflet; ‘‘moderate to severe’’ anemia was present in this 
case. Harvey and his co-workers! observed 2 patients with signs of mitral ste- 
nosis during life and no pertinent finding other than Libman-Sacks endocarditis 
at necropsy. 

Two of the 4 patients with Libman-Sacks endocarditis in the present study 
had diastolic murmurs. In one it was a rumbling murmur heard best at the apex 
in late diastole, suggesting to most observers the presence of mitral stenosis. 
The hemoglobin concentration was 10 grams per 100 ml. and the heart was not 
in failure. At necropsy, verrucae were observed near the free margin of the 
mitral valve, which was thickened, as were also the chordae tendineae. Aschoff 
bodies were not seen. It is tempting to attribute this murmur to the valvular 
' deformities. That a causal relationship existed in the second patient is unlikely; 
here a blowing, inconstant, early diastolic murmur was heard at the apex. The 
hemoglobin concentration was 10 grams per 100 ml. and cardiac failure was 
evident. The aperture and free margin of the mitral valve were normal, but 
there were vegetations on its aortic leaflet. The aortic valve was normal. 

Diastolic murmurs were heard in 2 patients of this series who did not have 
Libman-Sacks endocarditis. Rheumatic mitral stenosis was almost certainly 
present in one. In the other, no cause for the murmur was found; it developed 
during the course of pericarditis and persisted despite measures that increased 
the hemoglobin concentration from 7 to 10 grams per 100 ml. 

How frequently anemia and heart failure cause a diastolic murmur to develop 
is not known, although they probably account for those findings in an occasional 
patient.**.*9 

It would appear from this experience that to interpret a diastolic murmur 
as reflecting the development of atypical verrucous endocarditis will prove to 
be wrong as often as it is right. The circumstances that would make such an 
interpretation most plausible would be the development of a diastolic apical 
murmur de novo in a patient with systemic lupus erythematosus without heart 
failure, anemia, or bacterial endocarditis. 

Hypertension.—The incidence of hypertension in cases of systemic lupus 
erythematosus varies in different reports, from less than 8 per cent?’ to 33 per 
cent,?® with an average incidence of approximately 20 per cent. All authors! **° 
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agree that hypertension in cases of systemic lupus erythematosus is inost fre- 
quently associated with significant renal disease. Renal involvement, as de- 
termined by study of the urinary sediment, occurs in the majority of patients 
with acute systemic lupus erythematosus,“ and histologic evidence of kidney 
disease has been recorded in nearly three quarters of the patients with this entity‘; 
yet hypertension develops in only one fifth. Usually, when hypertension does 
occur, renal disease is far advanced and azotemia is present. The nephritis was 
considered mild in only 1 of the 7 patients with hypertension included in the 
study by Muehrcke and his colleagues.* 

The type of renal disease in cases of lupus erythematosus that results in 
hypertension may require a relatively long time for its development. It is there- 
fore understandable why hypertension was formerly considered a rarity, for 
until recent years the duration of life in patients with lupus erythematosus was 
measured in months. The blood pressure may remain normal in the presence 
of uremia, and it is not unusual for a patient with severe renal disease to die in 
uremia yet have normal blood pressure.' 

In 27 (32 per cent) of the 83 patients in the present series the blood pressure 
was found on repeated examinations to be higher than 150/90 mm. Hg. The 
blood urea nitrogen or nonprotein nitrogen level was elevated in 13 of the 27. 
Abnormalities of the urinary sediment were found at some time in each of the 
27 patients. Seven had the nephrotic syndrome: evidence of nitrogen retention 
was observed in 5 of 6 tested. Nine of the hypertensive patients were studied 
post mortem; evidence of renal disease was found in each. Renal biopsies per- 
formed in 2 additional hypertensive patients showed diffuse glomerulonephritis. 


Obviously, not all instances of hypertension in patients with lupus erythem- 
atosus are related directly to the lupus process in the kidneys. In one patient 
in the present series, hypertension was related to toxemia of pregnancy. The 
cause of hypertension in the other patients, in whom severe renal lesions were 
not demonstrated, is not known; presumably there was essential hypertension 
in at least some instances. 


Effect of steroids on hypertension: The action of corticotropin, cortisone, 
and related compounds in patients with lupus erythematosus may be accompa- 
nied by the appearance of hypertension. Soffer and Bader® observed hyper- 
tension in 9 of 18 patients receiving steroid therapy, although it had been present 
previously in only one. In 5 instances the blood pressure returned to normal as 
the dose of cortisone was reduced. Dubois and his co-workers“ observed dra- 
matic increases in the blood pressure of patients with lupus erythematosus fol- 
lowing the administration of doses of corticotropin that had caused no pressor 
response in normal subjects. Experience with the newer steroids“ is generally 
similar. Because hypertension is especially likely to develop when cortisone is 
given to patients with nephropathy,® steroids are now employed with caution 
in order to avoid aggravating renal lesions, although whether such aggravation 
occurs remains debatable. The information that has been gained by means of 
serial renal biopsies suggests that corticotropin and cortisone do not accelerate 
the development of the renal lesions in patients with lupus erythematosus.‘ 
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Pericarditis.—That pericarditis is a prominent feature of cases of systemic 
lupus erythematosus was first recognized by Keefer and Felty," and is now widely 
appreciated.*-48 Whereas other forms of cardiac disease tend to complicate the 
later stages of lupus erythematosus, pericarditis may be among the earliest oc- 
currences, and, on occasion, the pericardium may be the first site involved.® 
Recurrent episodes of chest pain, frequently associated with a pericardial rub, 
punctuate the life histories of many patients suffering from lupus erythematosus. 
Notwithstanding the frequency with which pericarditis is diagnosed during life, 
the pathologist often finds postmortem evidence of pericardial involvement that 
was unsuspected clinically. Klemperer*! described fibrinoid necrosis of the peri- 
cardial connective tissue in 70 per cent of the patients with lupus erythematosus, 
and Griffith and Vural** found pericarditis in 61 per cent of their patients studied 
post mortem. Clinically, pericarditis is recognized in about one third of the pa- 
tients with the systemic disease. It was a feature of 36 per cent of 452 compiled 
cases.*® Electrocardiographic evidence of pericarditis was found in 23 per cent 
of the series reported by Jessar and his co-workers.” 

The clinical recognition of pericarditis is greatly facilitated by finding on 
the electrocardiogram initial R-ST elevation followed by inverted, unstable T 
waves. Pericardial effusion develops from time to time, the amounts of fluid 
varying from less than 100 to more than 1,000 milliliters. At times, effusion may 
be massive; in one case, a total of 2,500 milliliters of fluid was withdrawn within 
one week.®® In 2 cases reported by Curtis,®*' cardiac tamponade with failure 
resulted from pericardial effusions. The pericardial fluid is most often clear, 
but may be serosanguineous' or, at times, grossly bloody. . The lupus erythem- 
atosus factor may be found in the fluid.®°* Pericardial constriction as a late 
result of pericardial effusion has not been recorded. 


TABLE II. FREQUENCY OF PERICARDIAL INVOLVEMENT IN 83 PATIENTS WITH SysTEMIC LUPUS 
ERYTHEMATOSUS 


NUMBER WITH FINDING PERCENTAGE 


FINDING 


Pericarditis at autopsy* 
Pericardial rub 
Pericarditis by electrocardiogramf 
Pericardial effusion 

Pericardial effusion with a rub 
Pericardial effusion with tamponade 


*Observations on 16 patients. 
tObservations on 73 patients. 


Pericarditis was found in 31 per cent of the 83 patients reported here (Table 
II). In 2 patients it was the initial feature of the disease. In 18 patients a friction 
rub was heard or fluid was present; in 4 others the characteristic electrocardio- 
graphic changes were observed although no rub was heard. Four other patients 
were found at necropsy to have pericarditis which had been clinically silent. 
Pericardial effusion occurred in 6 patients, in one of whom it was copious and 
sufficiently rapid in onset to cause cardiac tamponade. This patient was sub- 
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jected on two occasions to pericardiocentesis, resulting in the removal of 250 ml. 
and 800 ml. of serosanguineous fluid with a red blood cell count of 1,350,000 
per milliliter. 

The administration of steroids may cause the signs of pericarditis and evi- 
dence of effusion to disappear. In one study,! 6 of 13 patients with pericarditis 
improved following such therapy, although effusion developed in one patient 
during the administration of cortisone. The patient in the present study who 
suffered cardiac tamponade due to pericardial effusion was likewise receiving 
cortisone at the time of the accumulation of fluid. The often transient nature 
of pericarditis makes evaluation of therapy for this condition most difficult. 

Myocarditis —The myocardial lesions in cases of lupus erythematosus vary 
from minimal thickening of collagen to pronounced fibrinoid necrosis involving 
the vessel walls, with thickening and stenosis of small arteries. In some instances 
there are extensive areas of myocardial degeneration; in others, fine scars sug- 
gesting infarcts. Myocardial damage attributable to lupus erythematosus is 
found in at least one half of autopsied subjects.™*:* 

The clinical recognition of myocarditis is difficult. It may be indicated by 
tachycardia out of proportion to fever, in conjunction with gallop rhythm, and 
by suggestive electrocardiographic changes. Careful clinical evaluation is es- 
sential, however, since abnormalities of the T waves may result from a variety 
of other causes. 

Even when extensive, myocarditis does not commonly lead to cardiac dilata- 
tion and insufficiency. Of the 18 patients reported by Griffith and Vural,” 14 
had myocarditis, yet congestive failure was present in only 3. In a report by 
Harvey and co-workers,' 8 of 9 patients with good renal function, in whom myo- 
carditis appeared to be the main factor contributing to heart failure, responded 
to the administration of cortisone by the cessation of gallop rhythm, decrease 
in heart size, and reversion of abnormal T waves toward normal; in 3 patients 
with cardiac failure of desperate degree the response was dramatic. Myocarditis 
as defined by electrocardiographic criteria was diagnosed in 6 of the 15 patients 
with congestive heart failure in the present series, but was considered the probable 
cause of heart failure in only one. Evidence of myocarditis was noted at autopsy 
in 8 of the 16 cases studied post mortem, but in none was it extensive. Congestive 
failure had occurred in 4 of these 8 patients but was associated in each case with 
sign ficant degrees of anemia and hypertension; thus, heart failure on the basis 
of myocarditis alone was uncommon. 

Myocardial Infarction—Rich and Gregory™ clearly demonstrated that 
sclerotic lesions of the coronary arteries of the type seen in rheumatic fever, 
periarteritis nodosa, and experimental serum sickness may occur in patients with 
lupus erythematosus. These lesions may include intimal proliferation, leading 
to narrowing of the involved vessels. Since they occur in children, they are 
probably related to the lupus process rather than to incidental coronary disease. 

Ben-Asher® cited a patient who, at the age of 62 years, incurred coronary 
occlusion with infarction of the anterior myocardial wall. In view of the fact 
that the patient had been hypertensive, with blood pressure levels of 220/116 mm. 
Hg, enlargement of the heart, and sclerosis of the vessels in the optic fundi, it 
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seems likely that the myocardial infarction was coincidental to the lupus ery- 
thematosus. Taubenhaus and others** recorded 2 cases of myocardial infarction. 
Nothing in either instance suggested a causal relationship between the lupus 
erythematosus and the myocardial infarction. It is of interest that the one 
patient whose age was given was 53 years old. A patient presented by Edelman*’ 
was found post mortem to have thickening of the wall of the right coronary 
artery, which contained within its lumen a canalized thrombus. The patient 
had suffered for 15 years from thromboangiitis obliterans, a condition that may 
be associated with thrombotic changes in the coronary vessels. 

Several authors!» have observed at necropsy, in small numbers of patients 
dying of lupus erythematosus, coronary atherosclerosis considered to be un- 
related to the fatal disease. The fine scars that may be seen in the myocardium 
of patients with lupus erythematosus are, in effect, the results of small infarcts 
due to vasculitis of the smaller coronary vessels,** but there is no proof that the 
pathologic changes associated with the lupus process have ever resulted in oc- 
clusion of a major coronary artery. 

No patient of the present series showed clinical or pathologic evidence of 
coronary occlusion or myocardial infarction. 

Congestive Heart Failure-—Congestive heart failure occurs in about one 
fifth of the patients with systemic lupus erythematosus. It developed in 15 of 
the 83 patients of this series (Table III). Among the many factors other than 
coexisting heart disease that may contribute to cardiac failure are these: hyper- 
tension, anemia, myocarditis, pericardial effusion with tamponade, cor pulmonale, 
and valvular deformity. 

Hypertension: That hypertension makes an important contribution to 
the genesis of cardiac failure is demonstrated by the experience in the present 
study. Of the 15 patients with congestive failure, 11 had sustained hypertension. 
It can be asserted with 99.5 per cent confidence (as calculated by the chi-square 
test) that hypertension and heart failure in patients with systemic lupus erythem- 
atosus are significantly correlated. Apparently, the increased work load im- 
posed upon the left ventricle by hypertension, whether chronic or acutely in- 
duced by cortisone,”-** may lead to cardiac insufficiency, especially when other 
precipitating factors are present. 


TABLE III. FREQUENCY OF ABNORMAL FINDINGS IN 15 PATIENTS WITH CARDIAC FAILURE AND 
Systemic Lupus ERYTHEMATOSUS 


FINDING NUMBER WITH FINDING 
Abnormal electrocardiogram (14 patients observed) 12 
Anemia (9 Gm. or less) 11 
Hypertension 11 
Azotemia 9 
Myocarditis 6 
Pericardial effusion and tamponade 1 
Auricular flutter 1 
Auricular fibrillation 1 
Rheumatic heart disease 1 
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Anemia: Anemia is one of the more important of the factors contributing 
to cardiac failure. As the red cell mass is diminished, especially when it is de- 
creased abruptly as in hemolytic anemia, disturbances develop, including cardiac 
enlargement, dyspnea, and edema, due to the altered cardiac dynamics. How- 
ever, anemia even of profound degree rarely results in heart failure unless co- 
existing heart disease is present. A frequent finding in this series of patients, 
anemia further compromised a cardiovascular system already burdened by 
hypertension, myocarditis, or other associated heart disease contributing to 
cardiac decompensation. A hemoglobin concentration of less than 9 grams per 
100 ml. was present in 11 of the 15 patients with cardiac failure. Hypertension 
was associated with anemia in 7. 

Whether or not a significant relationship existed between the presence of 
anemia and the occurrence of congestive heart failure could not be stated on the 
basis of the available data because of the numerous variables involved, as for 
example, the fluctuations in the degree of anemia within a given patient, the 
several methods utilized for determining the presence and degree of anemia, 
and the questionable temporal correlation of episodes of anemia with bouts of 
congestive heart failure. 

Myocarditis: In 4 of the 6 patients with myocarditis and congestive heart 
failure who were examined post mortem, the pathologic changes in the myo- 
cardium appeared not to correlate with the degree of cardiac insufficiency ob- 
served clinically. Since hypertension and anemia were also present in these 
cases, less significance was assigned to myocarditis alone as a cause contributing 
to the congestive heart failure. The cardiac failure appears to have resulted 
from a combination of factors, any of which alone might have been compatible 
with normal circulatory dynamics. The pertinence of the coexistence of myo- 
carditis and congestive heart failure is obscured by the dubious authenticity 
of the clinical diagnosis of myocarditis. The correlation between the electro- 
cardiographic abnormalities suggesting myocarditis due to any cause and ob- 
served degrees of cardiac damage or dysfunction is not always clear. 

Pericardial effusion with tamponade: Pericarditis, because it does not entail 
a constrictive phase, does not interfere with normal cardiac function; whereas 
pericardial effusion under appropriate circumstances may cause tamponade 
and heart failure, as it did in one member of the present series. 

Cor pulmonale: In spite of the extensive pulmonary changes that occur 
in patients with lupus erythematosus, heart failure on the basis of cor pulmonale 
has not been observed. Electrocardiographic evidence of right ventricular pre- 
ponderance was reported in one case®* in association with interstitial pulmonary 
fibrosis and severe pulmonary vascular changes, but heart failure did not occur. 

Valvular deformity: Libman-Sacks endocarditis has not been considered 
responsible for cardiac failure. A single case was cited by Tumulty and Harvey,° 
in which atypical verrucous endocarditis altered the mitral valve in sufficient 
degree to possibly interfere with circulatory dynamics, but even in this case there 
was associated hypertension. 

Electrocardiographic Findings—The electrocardiographic records of 73 
patients in the present series were available for analysis (Table IV). The tracings 
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of 45 of these patients were considered abnormal. The most frequent deviation, 
inversion of the T waves, occurred in 56 per cent of the group, a finding similar 
to that observed by others.®° The change was unstable on serial records and often 
reverted to normal spontaneously or in response to the administration of steroids. 
Elevation of the R-ST segment suggestive of pericarditis occurred in 9 (12 per . 
cent) of the 73 patients. In 2 patients with pericardial effusion the electrocardio- 
gram showed low voltage and inversion of the T waves. In the tracings of 4 
additional patients, 2 of whom had the nephrotic syndrome, the QRS complex 
revealed low voltage. 

Left ventricular hypertrophy, in each instance associated with established 
hypertension, occurred in 5 patients. Right ventricular hypertrophy was not 
observed, although right axis deviation was seen in a patient who had coexisting 
rheumatic heart disease with mitral stenosis. First stage heart block, which 
has been observed occasionally by others,!:*?:48:5!56.61 was noted in but one case 
of this series. Bundle branch block was not seen. Arrhythmias were rare, and 
may have been related to associated disease.** Auricular arrhythmias have 
been reported occasionally in cases of systemic lupus erythematosus.'*4: One 
patient of the present series exhibited auricular flutter with varying block, in 
association with recurrent hyperthyroidism; another, with rheumatic heart 
disease and mitral stenosis, displayed auricular fibrillation. Supraventricular 
tachycardia without associated cardiac disease was observed in only 2 patients; 
in one, auricular flutter occurred during pericardial effusion, and in another, 
auricular fibrillation was a terminal event. Premature beats were observed in 
2 patients. Ventricular arrhythmias did not occur. 


TABLE IV. ELECTROCARDIOGRAPHIC FINDINGS IN 73 PATIENTS WITH SysTEMIC LUPUS 
ERYTHEMATOSUS 


FINDING NUMBER WITH FINDING PERCENTAGE 


Abnormal electrocardiogram 
T-wave abnormalities 
Elevated R-ST segment 
Low voltage 

Left ventricular hypertrophy 
Auricular flutter 

Auricular fibrillation 
Extrasystoles 

Prolonged P-R interval 


CONCLUSIONS 


The heart seldom escapes insult in cases of systemic lupus erythematosus. 
Interpretation of the diverse cardiac manifestations is often made complex by 
the coexistence of conditions producing similar findings, such as anemia, tachy- 
- cardia, pulmonary disease, or pre-existing heart disease. 

Atypical verrucous endocarditis, formerly’a common finding at necropsy 
of patients with this disease, appears to be far less frequent today. Although 
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the reason for the diminishing incidence is not known, therapy or an artifact 
in the former method of selection of cases may play a part. The diagnosis of 
verrucous endocarditis can hardly be made on clinical grounds. Systolic mur- 
murs do not correlate with the endocardial changes. Diastolic murmurs are 
sometimes heard in patients with Libman-Sacks endocarditis, but because ane- 
mia, heart failure, pre-existing rheumatic heart disease, and subacute bacterial 
endocarditis also produce diastolic murmurs, the chance of accuracy in diagnosis 
is slight. With the possible exception of onc case cited in the literature, Libman- 


- Sacks endocarditis does not alter cardiac dynamics to a degree sufficient to cause 


heart failure. 

Hypertension occurs in one fifth of the patients with systemic lupus erythem- 
atosus, and is frequently accompanied by severe renal disease with uremia. 
Nitrogen retention was noted in 13 of the 27 patients with hypertension in the 
present series. Each of 7 patients with the nephrotic syndrome had hypertension. 
Many patients die of the renal complications of lupus erythematosus without 
experiencing hypertension. 

Pericarditis is recognized during life in about one third of the patients with 
systemic lupus erythematosus, and at necropsy in approximately twice that 
number. Clinical recognition of pericarditis is greatly facilitated by electro- 
cardiography, especially when effusion and rub are absent. Pericardial effusions 
seldom result in tamponade. Pericardial constriction as a late complication has 
not been recognized. 

Congestive heart failure in the series presented was significantly related to 
hypertension, which probably represents one of the principal mechanisms by 
which cardiac insufficiency is produced. Myocarditis, frequently found at nec- 
ropsy in patients with systemic lupus erythematosus, may in appropriate circum- 
stances contribute to cardiac failure. Its role is difficult to assess because other 
factors, such as anemia, tachycardia, valvular deformity, or hypertension, which 
also may contribute individually or in combination to altered circulatory dy- 
namics, are frequently associated with this disease. For example, anemia with 
hemoglobin concentration of 9 grams per 100 ml. or less was present in 11 of 
the 15 patients of this series in whom heart failure was diagnosed; in none was 
it the sole cause of cardiac insufficiency. Cor pulmonale as a cause of heart 
failure was not observed. , 

Myocardial infarction was associated with lupus erythematosus in few 
of the reported cases and in none of the present series. There is considerable 
doubt that any causal relationship existed between the two entities in the re- 
ported cases. 


The electrocardiogram was abnormal in 62 per cent of the patients in this 
series. The most common abnormality was nonspecific changes in the T wave. 
Arrhythmias were rarely found. The electrocardiogram was especially useful 
in corroborating the diagnoses of myocarditis and pericarditis. 


Effective therapy must take into account the multiplicity of mechanisms 
responsible for the cardiac disorders in patients with systemic lupus erythem- 


atosus. 
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SUMMARY 


A study of the mechanism and incidence of cardiovascular disease in patients 
with systemic lupus erythematosus is presented, based on the findings in 83 cases 
and a review of the literature. 
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Special Article 


On the Dynamics of Cardiac Muscle* 


Otto Frank 
Translated by Carleton B. Chapman, M.D., and Eugene Wasserman, M.D. 
Dallas, Tex. 


(Continued from the August issue, page 282) 


CHANGES OF PRESSURE CURVE AND OF EJECTED VOLUME THROUGH ALTERATION OF 
AFTER-LOAD (DRESER) 


If the level of the outflow opening and, with it, the pressure in the arterial 
system is raised, less and less blood is ejected, until at a certain level nothing at 
all is ejected (Blasius, Marey, Dreser). The value at this point is, according to 
Dreser, the absolute strength. Using data from such a series of experiments, 
Dreser (and earlier Marey) constructed a distensibility curve for active cardiac 
muscle, expressing the dependence of ejected volumes on after-loads. 


Without wishing to enter into a detailed critique of the method and its 
theoretical assumptions, I should like to note that by their failure to consider 
two conditions the authors permitted inaccuracies to creep in. Thus, if the after- 
load is increased, mean velocity of the blood stream (of blood ejected per unit 
time) decreases steadily. In the course of such a series the hydrostatic pressure 
in the reservoir which, at the outset, works against the resistance imposed by 
Valve I, and which cannot come into equilibrium with the high velocity of blood 
in the ventricle, approaches more and more the initial tension. Therefore, the 
determinations using lower after-loads are carried out with lower initial tensions 
than those with higher loads. According to my studies, the difference may amount 
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to 50 per cent or more. While with lower after-loads the increase of initial tension 
causes an increase in ejected volume, its influence on contractions with higher 
after-loads cannot be measured at present. Our attention is directed solely to 
the effect of increase in initial tension on the level of the isometric curve. 

Similarly, faulty determination of the after-load may introduce error. 

The level of the outlet opening above the heart is not the sole determinant 
of the after-load; the resistance produced by the tubing and by Valve II must 
be added to it. And this resistance changes during a series of studies whenever 
the velocity of flow is altered. Proof of the foregoing is provided by the data 
from Experiment 19b below. 


Experiment 19b: 


LEVEL MAXIMAL VENTRICULAR DIFFERENCES 

(MM. HG) PRESSURE (MM. HG) (MM. HG) 
0.8 19.3 18.5 
12.6 27.4 14.8 
20.0 32.0 12.0 
30.3 41.0 10.7 
39.5 44.0 4.5 


Absolute strength = 52 mm. Hg 


The data show that the difference between ventricular pressure (maximum) 

and the level [of the outflow opening] decreases steadily with increasing after-load. 
A thorough discussion of these distensibility curves and, particularly, a 
. comparison with the distensibility [or stretch] curve of active skeletal muscle 
> will become possible only when such curves are studied using both isotonic and 
t isometric methods. The distensibility curves most probably vary, depending 
on the investigative method employed. 

What has been said concerning determination of the distensibility curve 
for active cardiac muscle is also valid concerning computation of cardiac work 
with varying after-loads.* The usual computation of cardiac work is inaccurate. 
Cardiac work is usually expressed by the equation 


W=Pe V+ (1/2 mv.’) 


Where W is work [A (for Arbeit) in Frank’s equation], P is mean aortic pressure 
(dimensions ml-' + t~), and V the stroke volume. Only the first product, PV, 
is under consideration, since the second product does not enter into my calcula- 
tion. It is clear from the start that for the computation of mean pressure, only 
that part of the aortic pressure can be used which corresponds to the interval 
between the opening of the aortic valve (¢,) and its closure (¢;). 

Furthermore, the function PV is not accurate. In order to solve the equa- 
tion, I think of the ejection of a tiny fluid disc with a diameter equivalent to 
twice the radius of the aortic cross section (27) and a thickness of dS. The disc 
moves from ventricle to aorta in the very short time of dt. In order to move 


*If, in the foregoing sections, I have been critical of various methods, it was only to provide a basis 
for discussion of possible sources of error. I wish to emphasize that I have been greatly stimulated in 
my own work by Dreser's extremely interesting work, frequently quoted by me. He has inaugurated 
an entirely new series of concepts [in the field]. 
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this small section into the aorta an elementary equation, based on established 
principles, must be followed: 


dW = PrxedS 


Where P is expressed in cent meters of water and has the dimensions ml-! - t~; 
the expression r’°x * dS is the volume dV of the small fluid section [or disc]. 
Thus, 


dW = P + dV, 


and the total stroke work of the heart is 


t 
w= | pav + (te) 
t, 


Providing [an expression] for mean velocity, we obtain: 


ag 
dt 


t; 
we | 
t, 


or, where P = f(t) and v= ¢(¢) as functions of time (as they are with most record- 
ing methods), 


t; 
W = | (t) dt. 
t, 
For our artificial circulation with rigid tubes, the equation becomes 
ts 
w= | bora, 


since the velocity curve and the pressure curve are identical. 


For Ludwig’s method, in which the heart works against a mercury ma- 
nometer, pressure P = h (the height of the mercury column) X s (the specific grav- 
ity of mercury), and the volum2 V = r’x (cross-sectional area of the manometer 
tube) X h, the equation is: 


*(So that dV = vdt} 
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h=h 
h =? A =? 


If pressure is constant, as in isotonic contraction, 
ti 

V. 

to 


The most general function, 


ti 
w= [so 


which is applicable to the heart in situ may be graphically expressed as the area 
under a curve, provided velocity and pressure curves are available. To construct 
such a curve one proceeds as follows: On the abscissa one locates a value for 
P velocity (read off the ordinate of the velocity curve) which occurs immediately 
after time ¢,; on the ordinate, the value for pressure at the corresponding instant 
(obtained from the pressure curve) is located. Similar values for the next equal 
time interval are plotted, and the process is continued until the time of closure 
of the aortic valve (¢;) is reached. If one then equates the abscissa with ejected 
volume, the area which the curve encloses (along with the abscissa) equals stroke 
work. The graphic method corresponds to that used by Blix for skeletal muscle.* 

I have not yet determined the magnitude of the error which may occur in 
the usual calculation of cardiac work but, in general, it probably gives values 
that are too low. 

The pressure curve of the ventricle is altered by raising arterial pressure 
(after-load) in the following manner: The strain [isometric contraction] time 
is prolonged, since tension in the ventricle attains the level of after-load pressure 
later and later. Otherwise nothing changes with regard to the form of this part 
of the pressure curve. The time of aortic valve closure probably remains un- 
changed, so that the ejection period is somewhat shortened. It is very likely, 
however, that valve closure takes place earlier with the highest pressures, but 
I have not yet studied the matter closely. The most remarkable phenomenon 
is that the velocity of flow decreases continuously with increasing after-load. 
This can, in fact, be predicted from the observation that volume decreases with- 
out concomitant shortening of the ejection period; it can also be directly inferred 
from the arterial pressure curve, the level of which decreases steadily; in this 


~ wwe ve 


*[Frank assumes that curves of pressure and velocity, plotted against time, have already been 
recorded. The plot for determination of work is between pressure (ordinate) and velocity (abscissa), 
the data being read off the previously recorded pressure and velocity curves. The area under the re- 
sulting curve, when converted to appropriate units, is, under the conditions of Frank's experiments, 
equal to stroke work against pressure, or potential energy.] 
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connection one must remember that, according to Poiseuille’s law, pressure 
levels must rise to comparatively higher levels when tubes are added in order 
to produce higher after-loads. 

What does this mean? Is something similar known concerning skeletal 
muscle? Once more, a paper by von Kries* provides relevant information. 
Von Kries found that shortening curves take off with less and less steepness 
when the after-load weight is increased, but at the point of transition from iso- 
metric to isotonic curves the steepness of the pressure curve is approximately 


constant. 


Ventricle 


Ventricle 


Fig. 21.—Experiment 19b. Pressure curves of atrium, ventricle, and artery with increasing load. 


This is the same result that I obtained in the heart; we have seen that 
velocity (steepness of the shortening curve) becomes less and less with increasing 
after-load, while the steepness of the tension curve at the beginning of the ejection 
period (transition point) remains almost the same. Von Kries has expressed 
this result in a different way by introducing the concept of apparent distensibility 

dl 
in the form of the quotient dt, or velocity of shortening, divided by the velocity 
ds 
dt 
of increase in tension at the point of transition. The result can then be formu- 
lated in this way: the apparent distensibility of cardiac muscle progressively 
decreases during after-load contraction as it approaches the peak of contraction. 


20 mm., Hg 
40 mm. Hq 
Atrium 
40 mm. Hg 
40 mm. Hg he 

Atrium 
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We may arrive at an approximate idea of the decrease of the quotient if we calcu- 
late the mean velocity of flow during various after-loads. The velocity prevail- 
ing at the point of transition cannot be determined from pressure levels. It is, 
in this case, not proportional to them, since the outflow tube was lengthened in 
order to produce the after-loads. Because the steepness of the tension curve 
remains nearly constant at the transition point, the apparent distensibility is 
approximately proportional to velocity of flow. 


Experiment 19b: 


LEVEL DURATION OF STROKE VOLUME ‘VELOCITY 

(mm. Hg) EJECTION (sec. ) (c.c.3) (cm./sec.) 
1. 0.8 0.58 0.383 0.66 
226 0.56 0.341 0.61 
3. 20.0 0.55 0.313 0.56 
4. (not measured) 0.54 0.271 0.50 
5. (not measured ) 0.53 0.220 0.42 
6. 30.3 0.52 0.158 0.29 
7. 39.5 0.51 0.105 0.21 


This experiment provides additional proof for the previous statement to 
the effect that the heart does not empty completely. It can also be seen from 
the atrial curves that flow into the heart always takes place at a constant filling 
pressure (since in this experiment, blood supply was achieved without insertion 
of the valve). Hence, during relaxation, cardiac filling was as complete [as during 
contraction]. If the heart ejects less and less blood with mounting after-load, 
more and more blood remains behind. 

The amount of the volume of blood remaining in the heart is a function of 
arterial pressure: it decreases when the latter increases. To demonstrate this 
relationship, one would construct a curve conforming to the distensibility curve 
of the after-loaded active cardiac muscle. It is clear, furthermore, that cardiac 
work can be increased at will if the ejected volume does not decrease with mount- 
ing after-load. Also, one can infer from long-known teachings of muscle physi- 
ology that the heart does not empty completely.* 

The greater filling of the heart with mounting after-load also causes a de- 
layed inflow of blood from the atrium, since tension is maintained longer in iso- 
metric curves (which correspond to greater filling). 


CIRCULATION WITH INSERTION OF ELASTIC FACTORS 


The circulatory system hitherto discussed differs in principle from the system 
in the animal body inasmuch as its tubes have rigid walls. The special advantage 
of this was that very simple relations existed between pressure and velocity. I 
have also carried out additional experiments using the excised frog heart and 
including an elasticity factor. This was done with my apparatus by attaching 
an air capsule, tightly covered by a rubber membrane, laterally to the arterial 
tube behind [distal to] Valve II. By turning Stopcock III, a resistance could 


*For the warm-blooded heart it has been established by Johansson and Tigerstedt™* and Roy and 
Adami* that the organ does not completely empty itself. 
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be produced which was approximately equal to that in the capillary system. The 
experiments may be varied in many ways. [Ideally] it would be necessary, again, 
to investigate the form of curves with alteration of initial tension, with altera- 
tion of resistance in the arterial system, and also with changes in the elastic 
factor. Suggestions for such experiments have been offered in the previous 
section. To date, however, I have carried out only one series of experiments in 
which resistance in the arterial system was altered. This was achieved by gradual 
closing of Stopcock III. The pertinent, very instructive, curves are presented 
here in Fig. 22. The first series of curves, a, was recorded without use of the air 
capsule. After its insertion, Stopcock III was gradually closed and curves 3, c¢, 
and d were obtained. 


a b 
Ventricle 
4 


c d 


Fig. 22.—Experiment 12. Pressure curve of atrium, ventricle, and artery with increasing eli stic re- 
sistance in the artery. 


Artery 


One sees that, apart from the general retardation of the ejection period and 
the course of the relaxation phase (which takes place according to the laws of 
isometric activity of the heart), the most conspicuous change is a retardation 
of the peak of the pressure curve as compared with that seen in the rigid-tube 
system. The first of these phenomena is easily understandable in view of the 
previous discussion of rigid-tube systems. The latter [retardation of the pressure 
peak] is also easy to explain. If one adheres to the view that the arterial pressure 
curve in the rigid-tube system is equivalent to the curve representing velocity 
of shortening, he must conclude that with insertion of resistance and with con- 
version of rigid tubes to elastic ones the pressure peak falls later than peak ve- 
locity. In such a system, pressure rises as long as inflow per unit time exceeds 
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outflow (in other words, as long as inflow velocity exceeds outflow velocity). 
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[It is also inevitable that] since velocity of shortening does not suddenly fall 
from its maximum to zero (but does so along a curve), increase in pressure must 
continue after maximal velocity is attained. It is known that this is the case 
with pressure and velocity phenomena in the natural circulation. 

As has been shown, the maximum of velocity of shortening is reached very 
rapidly. After it occurs, the velocity curve descends quite slowly. It is for this 
reason that the location of the maximum is marked by a distinct bend in the 
pressure curve. Pressure, which up to this point rises very rapidly, then shows 
a slower rise. This bend can be seen in many pulse and pressure curves in the 
natural circulation. It probably indicates the approximate instant at which 
maximal flow velocity is reached. As I have noted before, it is at this point on 
the pressure curve that manometric [recording] artefacts are most likely to occur. 
Such artefacts may be found in Fig. 22 by comparing arterial and ventricular 
pressure curves. Very frequently such oscillations are labeled anacrotic, as if 
they were a natural feature of the circulation. Before accepting them as such, 
one should do his utmost to determine. whether or not they are manometric 


artefacts. 

As for the statement that maximal velocity is attained before pressure reaches 
its maximum, it should be noted that the position of the velocity peak changes 
very little when rigid tubes are replaced by elastic ones, and that, with increase 
in pressure, it may reach its peak somewhat sooner. 

With further increase in arterial resistance the pressure maximum recedes 
still further and begins to approach the point of aortic valve closure; the point 
representing maximal velocity, on the other hand, comes to lie lower and lower 
on the ascending limb [of the pressure curve]. 

In this type of experiment a downward turn, followed shortly by an upturn, 
occurs at the end of the ejection phase. The course of the curve thus becomes 
dicrotic. In the rigid-tube system the regular transition of the oscillation, co- 
inciding, as has been demonstrated, with valve closure, into the dicrotic form 
and the occurrence fof the notch] at the same point [on the pressure curve] show 
that it is caused by valve closure. Its genesis lies in the backward flow of blood 
at the moment of valve closure, [as in the case of systems with elastic tubes]. 
Wave reflections cannot take place at this point because of the shortness of the 
course of flow, and because of the high velocity of propagation. The similarity 
of this phenomenon to the dicrotic feature of the [natural] arterial pressure (or 
pulse) curve is evident. 

According to my findings, one must expect, in fact, that at the moment of 
valve closure a wave-dip is produced in the arterial system and is then propa- 
gated centrifugally from the root of the aorta. Once again, the conditions re- 
quired for production of sueh a wave should be set out. First, there is a pumping 
motion, the velocity of which, as the result of the heart’s action, changes regularly 
from positive to negative (from contraction to relaxation) without becoming 
zero for a finite time. Second, there is the existence of a membranous valve (not 


an automatic valve like Fick’s). 
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But it is questionable whether we are able to explain the dicrotic notch in 
the pulse curve completely by considering it to be a depression due to valve 
closure. The main objection to such as assumption has been that such oscil- 
lations can have only a very short duration, whereas the dicrotic wave often 
appears as a relatively prolonged elevation. They seem to have this appearance 
in my own curves. However, one should bear in mind that significant retrograde 
flow of blood probably did not take place in these experiments—the only ones of 
this sort I have done—since the essential condition for it (higher initial tension) 
did not exist. The form of the pressure curve in the rigid tubes speaks in favor 
of this assumption. 


A rtery 


Ventricle 
a b 


Fig. 23.—Experiment 2. Pressure curve of ventricle and artery with rigid tubes (a) and with freely 
movable arteries (0b). 


Furthermore, I should not omit a phenomenon which I observed at the 
beginning of my studies. I had been using a rubber tube, hanging free in the 
air, to connect the outflow tube of Valve II with the outflow opening. This 
tube showed oscillations synchronous with the heart beat, and the arterial pres- 
sure wave was deformed; specifically, the valve-closure dip was broadened as 
the curves obtained in the study clearly show. I have not found a theoretical 
explanation for this observation and have not pursued it further. But it should 
be noted that the conditions for producing such a phenomenon are also present 
in the intact (natural) circulatory system. The lateral displacement of markedly 
serpentine arteries with each pulse wave is often more marked than actual dila- 
tation of the arterial wall. 

From what has been presented, it follows that one does not necessarily have 
to attribute to wave reflections the fact that peak arterial velocity precedes 
peak arterial pressure. (See Fig. 23.) It seems to me, therefore, that in the 
natural circulation the conditions for formation of a valve-closure notch are 
clearly present, and that the phenomenon provides a sufficient explanation for 
the dicrotic wave form. 

I must reserve further discussion of this problem, which has already been 
dealt with in many published articles, until my work has progressed further in 
the directions I have indicated. 
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I note once more that the valve-closure notch may vary in amplitude, de- 
pending on cardiac filling. 

After valve closure, pressure in the arterial system falls gradually [in the 
elastic system], but remains constant from this point in the rigid-tube system. 
The rapidity of the decrease in pressure changes with alteration of resistance, 
but I have not yet looked further into the matter. 

When resistance rises, blood flows later from atrium to ventricle (Fig. 22). 

I have been able, mainly by the use of the system just described [that con- 
taining an elastic factor], to point out many analogies between the course of 
velocity and pressure curves, and between mechanical conditions occurring in 
the natural circulatory system [and those occurring in the artificial model]. I 
could have expanded the number [of analogies] a great deal. I have not done 
so because the literature contains so little agreement on such points, and I must 
wait until I, myself, have collected more data. 

Nevertheless, I believe that I can say that a number of mechanical problems 
which the circulation presents can be solved by use of the methods I have used. 
At least, one can determine the particular conditions under which certain relation- 
ships in the circulation arise. One should first investigate the possibility that 
the natural circulation exhibits peculiarities not seen in an artificial one. This 
requires more detailed study of the investigative techniques than has yet been 
carried out. If one should study the special features exhibited by the natural 
circulation, nothing would stand in the way of also considering them in the arti- 
ficial circulation and of subjecting them to new investigation. There can be no 
doubt that there are many points of similarity between the warm- and cold- 
blooded hearts. 

The basic idea which guided my investigation was that the knowledge of 
the mechanical performance of cardiac muscle should be brought into relation, 
as far as possible, with what is already known concerning the mechanical per- 
formance of skeletal muscle. I can best condense the general outcome of this 
research by repeating a thought expressed by Fick at the beginning of his paper 
Mechanical Performance and Heat Production in Muscle Action. According to 
this train of thought, it is possible, under any conditions, to predict from a group 
of isotonic or isometric curves the mechanical performance of a muscle in re- 
sponse to a given stimulation. This is due to the fact that such a group of curves 
shows the interrelationship of the three variables: time, pressure, and length. 
It is essential, however, that the activity of the muscle under a given stimulus 
be expressed as a precise mechanical response; thus, the tension at a given instant 
in the action should be dependent solely on the length prevailing at that instant. 
In other words, the relation s = f(l) prevails from the outset for each instant 
in time and is dependent solely on the strength of the stimulus. Fick has shown, 
by comparison of isotonic and isometric contraction and by observation of in- 
hibited or centrifugal contraction, that the condition mentioned in the preceding 
paragraph does not prevail in skeletal muscle. 

I have shown in this paper that the difference in the courses of isometric 
and isotonic curves in skeletal muscle, as discovered by Fick, also exists in cardiac 
muscle. I have also concluded that in the after-load contraction of cardiac muscle, 
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one finds characteristics of mechanical phenomena similar to those established 
by von Kries for skeletal muscle. Von Kries’ findings brought him to the same 
conclusions as Fick. 

Without propounding a theoretical explanation, we may therefore state that 
a simple a priori relation between length and tension does not exist in cardiac 
muscle for every moment of its action, but that the mechanical conditions under 
which the muscle has functioned before this instant have a decisive influence. 
The investigations using cardiac muscle lend general validity to the results of 
the work on skeletal muscle and have many advantages over such work. Further 
studies in this direction may be of importance in connection with the theory of 
the action of cardiac muscle, and possibly for an understanding of the function 
of contractile elements. 
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Book Reviews 


VASCULAR SuRGERY. By Geza de Takats, M.D., M.S., F.A.C.S., Clinical Professor of Surgery, 
University of Illinois College of Medicine, and Attending Surgeon, Presbyterian-St. Luke's 
Medical Center and Research and Educational Hospitals, Chicago, Ill. Philadelphia, 1959, 
W. B. Saunders Company, 726 pages, 382 illustrations. 


This monograph reflects the distinctive learning and research achievements of the surgeon- 
author. The potent inspiration of the book is Dr. de Takats’ fund of ideas which have developed 
through direct clinical and experimental experience. The book is comprehensive but, as the author 
indicates, is not exhaustive. The book is a good one. 

The portions which appear inadequate are those which reveal the efforts of a surgeon at- 
tempting to outline medical measures and describe the use of drugs. Although Dr. de Takats 
does not forcefully indicate the maximal role of medical care in the management of essential hyper- 
tension, the value of medical management is accentuated by his admission that few patients are 
referred to him for surgery these days. Unfortunately, he discusses coarctation of the aorta, 
pheochromocytoma, and unilateral renal disease, all of which usually require surgery, under the 
general heading of essential hypertension. If the therapeutic management does not change radi- 
cally before the next edition, Dr. de Takats should devote a chapter exclusively to the arterial 
hypertensive states requiring surgery. Furthermore, he should ask his cardiological and internist 
friends to handle such discussions as medical management of various vascular problems and the 
interpretation and clinical role of the electrocardiogram. 

Of particular interest to the beginner is a well-presented section at the end of the book di- 
agrammatically describing the surgical procedures used in peripheral vascular surgery. This 
volume should be of considerable value to the surgeon since it reveals the vast experience and 
opinions of the author, a wise and able surgeon, in peripheral circulation. 


DIFFERENTIALDIAGNOSE INNERER KRANKHEITEN. (Differential Diagnosis of Internal Diseases), 
6th improved and augmented edition. By Prof. Dr. Robert Hegglin, Stuttgart, 1959, Georg 
Thieme Verlag, 819 pages, 517 illustrations. DM 79.50. In the U.S.A. and Canada avail- 
able through Intercontinental Medical Book Corporation, New York. Price $18.85. 


The author, who is Director of the University Clinics in Zurich, Switzerland, has compiled 
a comprehensive treatise on differential diagnosis encompassing the entire realm of internal medi- 
cine and including its newest concepts; this is indeed a formidable accomplishment. The fact 
that six German, three Italian, and one Spanish edition of this book became necessary since the 
appearance of the first edition in 1952, is additional proof of its importance. The characteristic 
features of previous editions were the subdivision of the symptoms according to pathophysiologic 
points of view and the inclusion of many rare conditions and diseases, as well as of statistical data; 
in the present edition numerous revisions and improvements were made, and a chapter on dis- 
turbances of voluntary movement was added. The other chapters are as follows: general con- 
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siderations, anemias, hemorrhagic diathesis, fever, headache, dyspnea, arrhythmias, electrocardi- 
ographic changes, cyanosis, thoracic pain, hypertension, hypotension, pulmonary and hilar shad- 
ows, enlarged lymph nodes, abdominal pain, diarrhea, constipation, jaundice, splenic enlargement, 
hematuria, proteinuria and pyuria, edema, pain in the limbs and spine, and loss of consciousness. 
A selected bibliography accompanies each chapter. For the cardiologist it is of interest that, 
corresponding to the predominantly cardiological interests of the author, the cardiovascular and, 
especially, electrocardiographic aspects of various internal diseases are treated in great detail. 
Another point which distinguishes this monumental work from other similar books is the use of 
excellent color reproductions in the text. 


INSTRUMENTATION IN ANESTHESIOLOGY. By William H. L. Dornette, M.D., Professor of Anesthe- 
siology and Head of the Department of Anesthesiology, The University of Tennessee College 
of Medicine, Memphis, Tenn.; Anesthesiologist-in-Chief, The John Gaston Hospital; and 
Verne L. Brechner, M.D., Assistant Professor of Anesthesiology, The University of Cali- 
fornia School of Medicine, Los Angeles, Calif. Philadelphia, 1959, Lea & Febiger, 242 pages, 

130 figures. Price $8.00. 


The title of this book is somewhat misleading and does not adequately inform the reader of 
its true scope. Although primarily intended for the anesthesiologist, it should have some appeal 
for selected members of other specialties since it gives a general view of principles, functions, and 
applications of many instruments in common use in medicine and ancillary fields. 

Four chapters are devoted to basic physics, especially electrical principles, and to important 
instruments such as amplifiers, ammeters, cathode-ray oscilloscopes, electronic switches, photo- 
graphic recorders, and direct-writing recorders. 

Four chapters discuss briefly the principles of operation, application and interpretation of 
instruments and records dealing with electrocardiography, cardiac monitoring systems, cardio- 
tachometry and phonocardiography. Additional chapters similarly deal with electroencephalog- 
raphy, thermometry, manometry, and flowmometry. Further sections are devoted to the 
analysis of carbon dioxide, oxygen, and anesthetic agents in blood and gas. 

The bibliography has been kept at a minimum, but several chapters are supplied with selected 
important basic references. As with earlier editions of many books, a few errors are present in 
diagrams, illustrations, spelling, etc. However, these do not detract from the basic value of the 
book. Many statements are obviously directed to the anesthesiologist, for example, ‘“The moving 
coil pen writing galvanometer is just as satisfactory as the string galvanometer (which possesses 
a much higher frequency) for recording the electrocardiographic signal. . . ."". Many would take 
issue with the statement, ‘‘A course in electrocardiography is not a needed prerequisite to applica- 

‘ion of the electrocardiogram and the interpretation of its record.”’ 

This book can be recommended to the students, physicians, and scientists who utilize the 
aforementioned instruments and records but who desire a somewhat more fundamental, yet easily 
understandable, knowledge of them. The experienced investigator will already be very familiar 

with most of the included material. 


RESEARCH ON NOVOCAIN THERAPY IN OLD AGE (in English translation). By Professor Dr. Anna 

Aslan, Professor C. I. Parhon, M.D., and C. David, M.D. (C. I. Parhon Institute of Geriat- 
rics, Bucharest, Rumania); Professor M. Biirger, M.D., and Professor F. H. Schulz, M.D. 
(University Medical Clinics, Leipzig); and U. Kéhler, M.D., and F. Mampel, M.D. (University 
Medical Clinic I, Halle/Saale). New York, 1959, Consultants Bureau, Inc., 64 pp. Price 
$12.50. 


This is an English translation of a collection of seven papers from Die Therapiewoche (official 
organ of the Germany Therapy Congress), 1956-1957, originally published in German by the 
above authors. Also included is an appendix of three reports of Soviet Research (two by A. Ia. 
laroshevskii and one by Iu. F. Udalov) on related subjects reprinted from the Consultants Bureau 
translation from the Soviet journal Bulletin of Experimental Biology and Medicine. 
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The first five papers in this collection and many other reports by Aslan, Parhon and their 
co-workers at the C. I. Parhon Institute of Geriatrics have been published in the foreign literature 
and have been generally unavailable to American physicians and researchers. The reports from 
this Institute have provoked translation and publication of this booklet and related material. 
The basic theme which permeates these reports is that parenterally administered Novocain 
possesses prophylactic and therapeutic value in the management of old age through its “eutrophic 
and rejuvenating effects.’’ The usual method utilized is the intramuscular injection of 5 ml. of a 
2 per cent Novocain solution three times a week, in a series of 12 injections, with a 10-day interval 
between courses. The treatment is carried out indefinitely. Special indications are given for 
intravenous administration. Prior to the institution of therapy, toxicity studies were done on 
all patients. 

The alleged results of this therapy in a series of several thousand patients covering 7 years 
serve to test the credulity of even the most broad-minded physicians. Many case histories are 
cited. One is that of a 91-year-old woman with mental deterioration, extrapyramidal system 
involvement, generalized arteriosclerosis, severe arthritis, muscular atrophy, senile cutaneous 
changes, and a blood pressure of 210/140 mm. Hg. After the patient had been treated for several 
months, many of these findings were noted to be regressing, and 6 years later the description of 
this patient is much like that of a healthy woman in late middle age. Described throughout other 
case histories is the regression or prevention of almost all of the degenerative physical and mental 
changes of old age. 

Numerous criticisms can be laid to these studies which broadcast such dramatic claims. 
Basic laboratory research has been sparse, and adequate controls almost nonexistent. The pre- 
sentation of the material is frequently diffuse and borders on unintelligibility. For example, 
“It is probable that the success of Novocain therapy is due to the many possible points of attack 
possessed by this substance. It can be assumed that its effect on the cortical and subcortical 
dynamics is due to a balancing of the stimulatory and blocking processes; and that its effect on 
neurohormonal processes, on chemoreceptors, on the circulation and vascular permeability is 
due to a vitamin-like biocatalytic action on the tissues, probably accompanied by an anticollagen 
effect.” 

How much meaning is lost or distorted in translation cannot be adequately determined, 
but it seems unlikely that this should be significant. The nature of the material and its presen- 
tation is such that it would tend to provoke blanket rejection by most experienced medical men. 
Nevertheless, these methods and results cannot be completely overlooked. It appears that these 
studies should be repeated under strict double-blind conditions before reliable conclusions can be 
ventured, either positive or negative. 

The sixth report of this collection is by M. Biirger and F. Schulz, from Leipzig, and discusses 
briefly several recent methods of therapy in oldage. These include: (1) sex hormone therapy and 
sex tissue transplants; (2) Bogomoletz antireticulo-endothelial-cytotoxic serum therapy; (3) 
Neihans fetal-cellular therapy; (4) vitamin therapy; and (5) Novocain therapy. 

In the seventh paper, U. Kéhler and F. Mampel report their preliminary results with Novo- 
cain therapy in old age at the University Medical Clinic, Halle/Saale. Although not as remark- 
able as that reported from the Parhon Institute, the reported impressions are quite similar. 

The first two papers of the appendix deal with the effects of intravenous injection of Novo- 
cain on the blood elements. The last paper reports on the beneficial results of Novocain on the 
tolerance of white rats to high altitudes. 

The bulk of the material in this booklet will certainly have great appeal to the lay press 
and thus to the public. For obvious reasons these claims need to be reliably confirmed or refuted. 


PHYSIOLOGIE DER K6ORPERFLUSSIGKEITEN. By Dr. Joseph H. Cort and Dr. Vladimir Fencl, 
Institut fiir Kreislaufforschung, Prague. Jena, 1958, Gustav Fischer Verlag, 402 pages, 


99 illustrations. Price DM 36.50. 
This excellent book gives a very complete coverage of the basic physiology, methodology as 


well as pathophysiology, of the body fluids, with a comprehensive review of the up-to-date litera- 
ture. The first and largest section of the book deals with the physiology of electrolytes and water 
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in the body fluids. It is a section which is well written, very complete, and of interest to the stu- 
dent as well as the more advanced researcher. 

For the one whose interest is in the actual determination of concentrations as well as volume, 
there is an excellent section on technique, with detailed description and discussion on various 
methods. 

The last section of the book deals with the clinical aspects of fluid and electrolyte disturbances 
and again presents this difficult topic in a clear and objective form. Unfortunately, the section 
dealing with the fluid and electrolyte disturbances following trauma merely mentions decreased 
urinary output without placing proper emphasis upon the important post-traumatic antidiuresis. 

On the whole, this is one of the best books on fluids and electrolytes. One wishes that it 
would be translated into English so that it could reach a larger group in this country. It 
certainly is worth reading. 


Announcements 


Tue 45TH ANNUAL CLINICAL CONGRESS OF THE AMERICAN COLLEGE OF SURGEONS will be 
held in Atlantic City, N. J., Sept. 28 through Oct. 2, 1959. 


THE SECOND ANNUAL SYMPOSIUM ON CINEFLUOROGRAPHY sponsored by the Department of 
Radiology, University of Rochester School of Medicine and Dentistry, Rochester, N. Y., will be 
held on Nov. 13 and 14, 1959. 

Address submitted papers or inquiries concerning the symposium to: Dr. George H. Ramsey, 
Department of Radiology, Strong Memorial Hospital, Rochester 20, N. Y. 
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